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of  fact  or  opinions  advanced  in  papers  or  discussions  at  its  meet- 
ings, and  it  is  understood  that  papers  and  discussions  should  not 
include  matters  relating  to  politics  or  purely  to  trade. 

Constitution,  Article  VII,  Sec.  2. 
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New  York,  January  26th,  1898. 

The  12l8t  meeting  of  the  Institute  was  held  this  date,  at  12 
West  Slst  Street,  and  was  called  to  order  by  President  Crocker 
at  8:30  p.  m. 

The  President  : — The  Secretary  has  some  announcements  to 
make. 

The  Secretary  :— At  the  meeting  of  Council  this  afternoon^ 
it  was  decided  to  hold  the  General  Meeting  of  the  Institute  next 
8ummer  at  Omaha,  if  satisfactory  arrangements  could  be  made. 
This  is  in  accordance  with  the  resolution  passed  at  the  General 
Meeting  at  Greenacre,  favoring  such  action.  The  fixing  of  the 
exact  date  and  the  perfecting  of  the  arrangements  were  left  to 
the  Executive  Committee. 

The  following  associate  members  were  elected : 

Name.  Address.  Eadorsed  by 

Bangs,  Chas.  R.         Special  Agent.  American  Telephone    F.    A.  PickernelL 

and  Telegraph  Co.,   16  DeySt.,    A.  N.  Mansfield. 
New  York.  J.  J.  Carty. 

Bbibe.  M.  C.  Ass't.  in    Electrical  Engineering,  D.  C.  Jackson. 

University  of    Wisconsin ;    resi-  S.  B.  Fortenbaugh. 

dence,  271  LangdonSt.,  Madison,  C.  F.  Burgess. 
Wis. 

Beown,  Hugh  Thomas    Supt.   of  Electrical  Dept.,  Selma    Dr.  E.  L.  Nichols* 

Gas  and    Electric    Co.,   Selma,     H.  J.  Ryan. 
Ala.  Ernest  5lerritt. 

BuRCH,  Edward  P.      Electrical    Engineer,    Twin    City    Geo.D.Shepardsoa 

Rapid  Transit  Co.,  517  6th  Ave.     M.  H.  Gerry,  Jr. 
S.   E.,   Minneapolis,   Minn.  E.  W.  Rice'  Jr. 

Ceocxeb,  Ebem  Cumch   Electrical    Engineer,    American    Jos.  Wetzler. 

Ordnance  Co.,    29  Harriet  St.,    R.  T.  Lozier. 
Bridgeport,  Conn.  Chas.  Blizard. 

SUAS,  Albbbt  B.        Electrician,   Davis  Coal  and  Coke    Chas.  H.  Davis. 

Co.,  Thomas,  West  Va.  A.  E.  Braddell. 

M.   J.  Wightmun^ 
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Oarfikld,  Alex.  Stanley  Engineer,  Cie  Thoinson-Hous-    E.  W.  Rice,  Jr. 

ton,  27  Rue  de  Londres,   Paris,    C.  P.  Steinmetz. 
France.  A.  L.  Rohrer 

Hellick,  Chauncet  Graham  Electrical  Engineer,  The  J.  J.  O^Connell. 

Chicago    Telephone     Co.,    resi-  A.  V.  Abbott, 

dence,     198     Dearborn      Ave.,  F.  J.  Dommerque. 
Chicago,  111. 

Morgan,  Jacque  L.     Electrical  Inspector,  Kansas  City    Edwin  R.  Weeks. 

Fire  Depl. ;  residence,   1702  Lo-    Sam'l.  Insull. 
cost  St.,  Kansas  City,  Mo.  Axel  Ekstrom. 

Peosser,   Herman  A.    Electrician,    Baltimore    Copper  F.  B.  Crocker. 

Smelting  and  Refining  Co.,  Key-  G.  F.  Sever, 

ser  Bldg.;  residence,  1322  Maai-  W.  H.  Freedman. 
son  Ave.,  Baltimore,  Md. 

SwAXN,  John  Joseph  Assistant  Editor,  Engineering  News,    H.J.  Ryan. 

220  Broadway;    residence,   847    Edw.  L.  Nichols. 
West  84th  St.,  New  York.  Ernest  Merritt. 

SwooPE,  C.  Walton  Instructor,  Electrical  Engineering,  Wm.  S,  Aldrich. 

Spring  Garden    Institute;  resi-  A.  J.  Rowland, 

dence,  12  North  88th  St.,  Phila-  Wm  C.  L.  Eglin. 
delphia,  Pa. 

Tachibara,  Jin  General  Electric  Co. ;  residence,  106    C.  P.  Steinmetz. 

Union  St.,  Schenectady,  N.  T.        Ernst  J.  Berg. 

Eskil  Berg. 

I  presume  that  many  of  the  members  have  read  in  the  daily 
papers  the  sad  intelligence  of  the  death  of  one  of  our  distin- 
guished fellow  members,  Mr.  O.  B.  Shallenberger,  for  many  years 
connected  with  the  Westinghouse  Electric  and  Manufacturing 
Company,  as  consulting  engineer. 

Mr.  Shallenberger  died  at  Colorado  Springs,  on  January  23rd. 
His  funeral  will  take  place  on  Saturday  next.  Mr.  Shallen- 
berger was  thirty-eight  years  of  age  and  was  a  graduate  of  the 
United  States  Naval  Academy.  He  became  identified  with  the 
Institute  in  1888,  and  was  transferred  to  full  membership  the 
same  year.  I  presume  that  there  are  many  of  the  members 
present  who  have  had  the  pleasure  of  his  personal  acquaintance, 
and  as  soon  as  particulars  of  his  death  are  received  a  sketch  of 
his  life  will  be  published  in  the  Transactions. 
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THE  STANDARDIZING  OF  GENERATORS,  MOTORS 

AND  TRANSFORMERS. 

(A  Topical  Discussion.) 


The  President: — Gentlemen,  in  taking  up  the  discussiont 
which  is  the  object  of  this  meeting,  it  might  be  well  to  make  a 
few  statements  as  to  what  it  is  intended  to  cover,  and  the  scope  of 
it,  as  that  matter  has  not  been  understood  by  very  many  oi  the 
members.  The  general  desirability  of  standardizing  electrical 
apparatus  has  often  been  spoken  of  and  seems  to  be  very  gener- 
ally believed  in.  The  feasibility  of  it,  or  the  policy  of  it,  is  an- 
other matter.  If  such  standardizing  is  to  be  effected,  this  body, 
The  American  Institute  of  Electrical  Engineers,  is  un- 
doubtedly the  only  one  which  is  competent  to  decide  such  a 
question.  As  to  precedents,  I  think  we  have  manv  excellent 
ones.  I  have  here  volume  vi.  of  the  Transactions  oi  the  Amer- 
ican Society  of  Mechanical  Engineers^  for  the  year  1884,  and 
in  it  is  a  verv  elaborate  report  of  the  Committee  on  Standard 
Methods  of  Steam  Boiler  Trials.  This,  I  believe,  was  the  first 
action  of  the  American  Society  of  Mechanical  Engineers  on  this 
general  line  of  work,  and  since  tnen  a  number  of  other  standards 
or  standard  methods  of  practice  have  been  recommended  by 
it.  Other  bodies,  such  as  the  Afnerican  Society  of  Oivtl 
Engineers^  and  our  sister  engineering  societies  in  England,  have 
freouentlv  taken  such  action.  It  is  very  common  on  both  sides 
of  tne  Atlantic.  Therefore  we  should  be  doing  nothing  radical 
or  unusual  in  establishing  such  standards  provided  tney  are 
found  desirable.  It  might  be  said,  of  course,  that  since  any 
hard  and  fast  adoption  or  acceptance  of  a  standard  would  not  seem 
to  be  desirable,  all  these  bodies,  particularly  the  American  So- 
ciety of  Mechanical  Engineers^  have  very  carefully  confined 
their  action  to  a  recommendation  of  certain  standards,  and  they 
have  taken  particular  pains  that  it  shall  not  appear  that  the  abso- 
lute adoption  of  a  certain  standard  is  imposed  upon  anyone.  The 
individual  members  of  the  Institute  or  any  other  society, 
are  not  bound,  morally  or  legally  by  any  such  recommendation, 
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although  they  would  uatnrally  follow  it.  It  is  simply  left  to  any 
person  to  follow  it,  as  he  sees  iit,  whether  he  is  a  member  or 
not,  and  it  is  merely  for  the  convenience  of  the  members  and  the 

fublic  generally  that  any  such  standards  would  be  recommended, 
think  those  points  may  have  been  misunderstood  very  naturally, 
and  might  act  as  a  very  serious  obstacle  in  carrying  out  any  such 
work.  Now,  as  to  what  the  standards  should  be  and  how  far  any 
such  action  should  go,  that  remains,  of  course,  to  be  seen,  and  I 
think  the  desirability  of  such  standards,  what  they  shall  be,  and 
how  far  they  shall  go,  would  be  the  natural  subject  of  the  discus- 
sion this  evening.  The  general  question  of  policy  and  advisa- 
bility is  also  a  proper  point  for  the  members  to  consider. 

I  would  call  upon  Mr.  E.  W.  Rice,  Jr.,  to  open  the  discussion. 

Mr.  Rice  : — Before  proceeding  with  the  few  remarks  that  I 
have  prepared,  I  wish  to  say  that  I  undertook  to  open  this  dis- 
cussion with  considerable  reluctance,  seeing  that  I  would  not 
have  time,  perhaps,  to  do  the  subject  justice.  However,  I  hope 
that  you  will  make  proper  allowance  for  my  remarks,  knowing 
that  I  have  had  very  little  time  in  which  to  prepare  for  this  sub- 
ject. I  have  also  not  had  an  opportunity  to  discuss  the  matter 
with  the  Executive  Committee,  and  so  do  not  have  clearly  in 
mind  the  proposed  limits  of  the  discussion. 

The  subject  which  has  been  selected  for  discussion  this  eve- 
ning, "  Standardizing  of  Generators,  Motors  and  Transformers," 
covers  in  its  various  aspects  such  a  large  field  that  it  would  be 
diflScult  to  attempt  anything  more  than  a  very  cursory  review. 

It  may  include  the  standardizing  of  the  various  types  and  sizes 
of  apparatus,  or  the  methods  of  rating,  or  of  testing,  or  it  may 
define  such  terms  as  regulation,  efficiency,  or  set  the  limits  of 
heating  and  of  sparking ;  or  again,  in  alternating  current  work, 
standardize  the  frequency. 

I  assume  that  the  chief  object  of  a  meeting  of  this  kind  is  to 
discuss  the  subject  thoroughly,  and  that  if  as  a  result  of  such  dis- 
cussion it  is  considered  that  any  useful  purpose  can  be  attained, 
the  matter  will  be  referred  to  a  carefully  selected  committee  with 
instructions  to  consult  with  the  various  interested  parties  and  re- 
port its  conclusions  with  recommendations  to  the  Institute  at 
some  future  date. 

The  advantages  of  establishing  certain  standard  types  and 
sizes  of  apparatus  are  apparent  and  have  been  fully  recognized, 

[)articularly  in  this  country,  from  the  earliest  days  of  electric 
ighting,  which  marked  the  beginning  of  the  present  electrical 
industry.  Such  standard  lines  have  been  arbitrarily  determined 
by  each  of  the  different  manufacturing  companies,  and  have  been 
built  to  conform  to  certain  specifications,  and  tested  in  accord- 
ance with  methods  developed  by  experience.  Competition  has 
tended  to  increase  the  number  of  standard  sizes  and  the  develop- 
ment of  the  industry  has  added  enormously  to  the  variety  of  ap- 
paratus in  use.     I  think  it  is  generally  recognized  that  the  adop- 
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tion  of  Buch  standards  by  the  manufacturers  and  their  acceptance 
by  the  public  has  been  one  of  the  greatest  factors  in  the  phe- 
nomenal development  of  our  industry  in  the  United  States,  and  is 
chiefly  responsible  for  the  present  enviable  position  of  our  man- 
ufacturers of  electrical  apparatus  as  compared  with  other  coun- 
tries. It  has  enabled  our  manufacturers  to  produce  the  standard 
lines  selected,  at  phenomenally  low  costs,  and  has  also  resulted 
in  an  equally  great  improvement  in  the  quality.  Large  sums  of 
money  have  been  expended  in  special  tools,  which,  while  reduc- 
ing the  amount  of  laoor  per  machine  to  a  remarkably  low  figure, 
has,  by  the  very  means  adopted  for  such  economical,  production, 
improved  the  quality,  because  the  manufacture  of  large  quan- 
tities of  duplicate  apparatus  has  stimulated  the  manufacturer  to 
spend  these  large  amounts  for  tools  and  to  organize,  elaborate 
and  perfect  methods  of  manufacture.  The  history  of  the  elec- 
trical business  in  this  respect,  of  course,  only  parallels  that  of  the 
bicycle,  the  typewriter,  the  sewing  machine  and  other  similar 
industries. 

The  importance  of  maintaining  and  extending,  if  possible,  the 
policy  which  has  enabled  this  country  to  sell  apparatus  in  compe- 
tition with  other  countries,  frequently  in  the  face  of  protective 
duties,  is  probably  so  thoroughly  appreciated  as  to  require  no 
special  pleading  to  obtain  for  it  a  hearty  endorsement  by  those 
interested  in  the  advancement  of  our  industry. 

Results  such  as  have  been  mentioned  are  largely  dependent 
upon  the  manufacture  in  great  quantities  of  exactly  duplicate 
pieces  of  apparatus,  a  condition  which  can  only  be  practically 
realized  where  the  apparatus  is  manufactured  under  the  control 
of  one  corporation.  It  therefore  seems  evident  that  even  if  it 
were  possible  for  all  the  interested  parties  to  agree  upon  certain 
standards,  the  advantages  above  mentioned  would  not  be  fully 
realized.  The  chief  beneficial  effect  of  such  an  agreement  would 
be  to  limit  the  demands  for  special  apparatus  which  may  have  to 
be  manufactured  by  comparatively  expensive  and  less  perfect 
methods,  and  to  increase  the  demand  for  the  standard  apparatus. 

I  merelv  mention  the  above  well  known  condition  to  illustrate 
in  a  general  way  the  value  of  standards  where  they  can  be 
adopted,  and  to  show  that  the  manufacturer,  while  undoubtedly 
animated  by  selfish  motives  in  advocating  standard  apparatus 
wiiere  possible,  is  at  the  same  time  advancing  the  best  interests 
of  the  ludnstry  as  a  whole. 

However,  I  think  that  for  many  reasons  it  would  be  found 
impracticable  and  prcjbably  not  for  the  best  interests  of  the 
business  to  establish  any  such  standard  sizes  or  lines  of  apparatus 
which  would  be  equally  satisfactory  to  the  designing  engi- 
neer, the  consulting  engineer,  the  manufacturer  and  the  user. 

Moreover,  I  do  not  suppose  this  Institute  would  care  to  at- 
tempt to  introduce  any  standards  which  did  not  admit  of  definite 
determination  or  which  the  rapid  evolution  of  the  business  would 
«oon  render  useless. 
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There  are,  however,  certain  features  of  the  subject  under  dis- 
cussion which  it  seems  to  me  could  and  should  properly  be  con- 
sidered by  this  Institute.  These  features  must  be  considered  in 
every  commercial  transaction. 

I  refer  to  the  terms  used  to  define  certain  characteristics  of 
motors,  generators  and  transformers,  and  the  method  of  deter- 
mining such  terms.  This  subject  has  been  considerably  discussed 
of  late,  and  was  ably  set  forth  in  a  recent  paper  by  Mr.  S.  D. 
Greene,  read  before  the  New  York  Electrical  Society;  which  so- 
ciety has  in  consequence  invited  this  Institute  to  consider  some 
plan  for  staiyiardizing  certain  apparatus.  I  think  that  all  of  the 
features  mentioned  by  Mr.  Greene  as  requiring  standardizing  in 
practice  are  important,  and  while  I  am  not  entirely  sure  that  all 
admit  of  such  standardizing,  I  believe  they  shoula  all  be  consid- 
ered by  this  Institute.  1  shall  therefore  follow  very  closely 
Mr.  Greene's  list  of  subjects,  adding  one  or  two  that  have 
occurred  to  me  upon  a  brief  consideration.  I  shall  also  endeavor 
to  give  additional  facts  bearing  upon  these  subjects. 

1.  Definition  of  eflSciency. 

2.  Heating  limits  and  methods  of  determining  same. 

3.  Regulation,  as  applied  to  d.  c.  generators,  to  motors,  to 
transformers,  to  a.  c.  generators,  a.  o.  motors,  etc.  • 

4.  Sparking  in  d.  o.  machinery. 

5.  Insulation — methods  of  testing  ^me. 

6.  Rating. 

7.  Frequency  of  alternating  current  machinery. 

Ist. — Efficiency,  The  eflSciency  which  is  of  practical  value  is 
the  so-called  commercial  efficiency,  that  is,  the  ratio  of  the  en- 
ergy input  to  the  useful  energy  output,  thus  accounting  for  all 
losses.  In  early  days  the  term  "  electrical  efficiency "  was 
frequently  confused  with  the  term  "commercial  efficiency,"  and 
even  at  the  present  time  the  confusion  sometimes  occurs.  Even 
the  term  "  commercial  efficiency  "  needs  more  exact  definition  as 
it  is  customary  in  direct  coupled  machinery,  that  is,  machinery 
coupled  directly  to  a  prime  mover,  such  as  a  steam  engine,  wa- 
ter wheel,  gas  engine,  etc.,  to  charge  the  mechanical  losses,  fric- 
tion and  windage,  to  the  prime  mover.  In  belted  machinery  the 
mechanical  friction  losses  are  charged  against  the  electrical  ma- 
chinery. There  are  excellent  reasons  for  the  existing  practice, 
but  such  practice  at  least  needs  standardiznig. 

2d. — Heating,  While  it  would  be  obviously  impracticable, 
even  if  it  were  desirable,  to  adopt  any  definite  number  of  degrees 
increase  of  temperature  above  tne  air  as  a  standard,  because  of 
the  different  conditions  of  service  and  design  of  apparatus,  it 
would  nevertheless  be  desirable  to  define  the  methods  of  deter- 
mining any  increase  of  temperature.  Increase  of  temperature  is 
now  sometimes  measured  by  thermometer  and  sometimes  by  in- 
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crease  of  resistance  of  the  copper  conductors.  It  is  evident  that 
in  some  cases*  the  first  method  may  be  better,  in  other  eases  the 
latter.  I  think  that  tlie  standardizing  of  the  proper^methodsin 
all  cases  would  be  desirable.  i:      flBSKli!! 

3d. — MegulMwti.  I  omit  in  this  connection  any  reference  to 
direct  current  machines,  and  select  for  illustration  alternating 
current  apparatus.  In  alternating  current  generators  the  term 
regulation  has  now  several  different  meanings.  First,  the  per- 
centage of  drop  in  pressure  at  the  armature  terminals  from  no 
load  to  full  load  with  no  load  excitation  of  field.  Second,  the 
percentage  increase  of  voltage  from  full  load  to  no  load  with  full 
load  excitation.  Third,  the  percentage  increase  in  field  ampere- 
turns  required  to  maintain  constant  potential  at  armature  termin- 
als from  no  load  to  full  load.  Fourth,  percentage  decrease  in 
field  ampere-turns  from  full  load  to  no  load  to  maintain  constant 
potential  at  armature  terminal.  Fifth,  the  relation  between  nor- 
mal full  load  current  delivered  by  the  machine  and  the  current 
produced  on  ^short  circuit  with  an  excitation  of  the  field  corres- 
ponding to  full  normal  load.  All  of  the  above  definitions  and 
several  others,  I  believe,  are  in  use  among  engineers 

4th. — SparHnffj  or  rather  the  limits  between  which  freedom 
from  sparldng  shall  be  demanded  in  commutating  machines,  is  of 
importance  to  all  parties.  It  is  admittedly  an  extremely  difficult 
matter  to  standaraize.  I  doubt  if  any  entirely  satisfactory  scien- 
tific definition  of  the  terms  used  commonly  in  discussing  such 
matters  can  be  found.  The  subject  is,  however,  worthy  of  con- 
sideration. 

5th. — Insulation  breakdown  tests.  It  is  becoming  common  to 
specify  that  the  insulation  of  a  generator  or  motor  shall  with- 
stand certain  breakdown  tests  by  being  subjected  to  a  pressure 
considerably  higher  than  that  of  operation.  While  it  is  possibly 
too  early,  in  view  of  the  rapid  development  of  the  art  to  deter- 
mine definitely  the  limits  and  exact  conditions  of  such  tests,  the 
question  could  very  profitably  be  discussed  and  perhaps  some 
recommendation  of  value  made. 

6th. — Rating  of  alteimativg  generators.  It  is  customary  in  this 
country  to  rate  alternating  current  generators  on  the  basis  of 
volt-amperes  output.  Abroad  in  certain  instances  the  rating  is 
based  upon  the  volt-amperes  output  multiplied  by  an  assumed 
cosine  of  angle  of  lag,  pay  .8.  It  may  be  desirable  that  the 
method  adopted  in  this  country  should  be  standardized. 

7th. — Frequency  of  alternating  current  machinery.  Alternat- 
ing current  machinery  is  being  built  for  frequencies  of  25,  30, 
33,  40,  50,  60,  66,  125  and  133  in  this  country.  While  excellent 
engineering  reasons  have  presumably  in  every  instance  dictated 
the  selection  of  each  of  the  above  frequencies,  it  is  probable  that 
the  number  selected  for  standardization  need  not  be  over  three 
or  four  at  most.  In  such  event  the  engineer  would  still  be  able 
to  select  from  the  standards  adopted,  a  frequency  which  would 
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properly  meet  the  various  conditions  of  generation,  transmission, 
and  service,  etc.,  which  he  is  called  upon  to  solve.  .  The  net  re- 
sult would  undoubtedly  be  beneficial  to  all  parties — the  engineer, 
the  manufacturer  and  the  consumer. 

In  the  above  remarks  I  have  not  attempted  to  do  more  than 
give  an  extremely  brief  review  of  certain  phases  of  the  subject 
imder  discussion.  The  subject  is  too  large  to  be  treated  exhaustr 
ivelv  at  this  evening's  meeting  even  if  one  had  the  time  and 
ability.  In  concluding,  I  wish  to  repeat  the  suggestion  advanced 
in  the  beginning  of  my  remarks,  namely,  that  no  practical  ad- 
vance is  liable  to  be  made  in  the  consideration  of  these  important 
questions  unless  the  matter  is  referred  to  a  small  committee  of 
members  of  this  Institute.  This  committee  should  be  instructed 
to  confer  with  manufacturers,  consulting  engineers  and  promin- 
ent users  of  electrical  apparatus,  and  report  its  recommendations 
to  this  Institute. 

Mr.  W.  a.  Mosscrop,  (Communicated) : — Mr.   Chairman  and 

fentlemen  :  there  could  hardly  have  been  selected  for  discussion 
y  the  Institute's  members  a  subject  more  broad  in  its  scope. 

To  standardize  generators,  motors  and  transformers  will  re- 
quire the  formulation  of  specifications  covering : 

I  St.  The  physical  properties  of  the  materials  used  in  the  con- 
struction of  their  several  parts. 

2nd.  The  proportions  of  general  features  that  are  common  to 
the  product  of  tne  different  shops  in  each  class. 

3rd.  The  design  of  special  details  of  construction  for  the  differ- 
ent sizes  of  the  different  classes. 

4th.  Methods  for  testing% 

The  statement  is  axiomatic,  that  the  formulation  of  specifica- 
tions covering  these  points  is  the  duty  of  the  engineers. 

The  question  that  presents  itself  is,  whose  engineers — the  man- 
ufacturer's or  the  buyer's  ? 

The  decision  of  this  question  should  be  governed  by  a  deter- 
mination as  to  who  is  to  be  held  responsible  for  possible  failures  in 
the  performance.  If  it  is  to  be  the  engineer  for  the  buyer,  then 
it  is  his  right  to  formulate  specifications  covering  such  features 
as  in  his  opinion  will  ensure  successful  performance.  If,  on  the 
contrary,  it  is  to  be  the  manufacturer,  then  he  should  be  allowed 
a  voice  in  the  formulation  of  specifications,  covering  the  details 
of  design  and  manufacture. 

Wlien  there  is  under  consideration  the  construction  of  work 
of  special  magnitude  or  of  special  requirement,  the  buyer's  engin- 
eer will  in  general  make  the  specifications.  lie  will  best  serve 
the  interests  of  hi$  employer  if  he  gives  due  consideration  to  all 
the  manufacturing  experience  he  can  get.  When  he  finds  con- 
flicting statements,  his  is  the  duty  of  deciding  so  that  his  em- 
ployer will  get  the  best  and  the  most  for  his  money. 

When  we  consider  the  design  of  details  of  construction  of  ma- 
chinery for  the  general  market,  which  calls  for  standard  sizes, 


1898  ]  DISCUSSION  IN  NK  W  YORK,  9 

they  are  found  to  be  matters  whose  elioice  is  largely  governed  by 
shop  practice,  convenience  and  cost.  Many  of  them  are  bom  of 
shop  experience  based  upon  theory.  As  such  they  are  matters 
belonging  to  the  manufacturer,  and  it  will  be  certainly  impossible 
for  the  Institute  as  a  body  to  undertake  the  formulation  of  spec- 
ifications covering  them. 

There  are,  perhaps,  some  general  features  of  quality,  design 
and  test,  for  which  standard  specifications  can  be  Tomiulated,but 
it  seems  hardly  possible  that  all  the  conditions  governing  the  de- 
sign of  electrical  machinery  have  yet  reached  the  stage  where  one 
standard  can  be  adopted  for  all  manufacturers.  It  would  seem 
that  the  certain  way  to  obtain  standards  covering  these  points 
would  be  for  those  who  are  in  possession  of  facts  of  interest  and 
value  in  this  connection  to  present  them  before  the  Institute  by 
papers  or  by  communication. 

The  method  by  communication  possesses  features  of  consider- 
able merit,  and  its  extension  would  result  in  bringing  into  clo- 
ser touch  with  the  members  in  New  York  and  Chicago  those  who 
reside  at  a  distance  from  these  two  cities.  In  this  way  standards 
would  be  obtained  by  virtue  of  a  system  of  natural  selection  in 
which  the  fittest  only  would  survive. 

Some  manufacturers,  of  course,  object,  and  very  properly  too, 
to  their  engineering  force  presenting  before  the  engineering  soci- 
eties new  points  within  their  expenence,  because  their  general 
publication  might  lower  their  value  to  a  private  holder. 

We  are,  however,  permitted  to  enjoy  the  fellowship  of  some 
of  the  brightest  minds  in  the  engineering  profession  wno  are  con- 
nected witli  manufacturing  interests.  Much  of  their  knowledge 
will  be  available  to  us  as  they  find  that  its  publication  will  not 
conflict  with  the  interests  to  which  they  owe  their  first  duty. 
And  engineers  who  receive  compensation  for  their  services  owe 
their  first  duty,  in  this  respect,  to  those  who  employ  them. 

It  is  the  manufacturer's  duty  to  standardize  his  product.  It  is 
our  function  to  help  him  and  his  employees  to  the  attainment  of 
the  knowledge  necessary  for  the  successful  manufacture  of  elec- 
trical machinery,  and  to  help  the  buyer  to  make  a  proper  selec- 
tion. It  is  our  business  to  bring  out  the  facts  by  means  of  papers, 
communications  and  discussions,  and  it  is  the  business  of  the  man- 
ufacturer and  the  buyer  to  apply  them.  Those  facts  that  com- 
mend themselves  generally  will  be  generally  adopted,  and  will 
become  standard  by  virtue  of  their  fitness,  and  no  other  can  be 
forced.  If,  however,  there  is  a  general  belief  that  by  formulating 
specifications  covering  some  of  the  general  re<juirements  of  the 
machinery  under  discussion  we  would  advance  the  interests  of  the 
science  with  which  we  are  connected,  there  can  })e  most  certainly 
no  objection  to  our  doing  so.  The  subject  needs,  however,  to  be 
restricted  before  a  plan  can  be  outlined. 

Mr.  Robert  T.  I^ozier: — I  think  the  subject  is  an  extremely 
broad  one,  but  one  that  would  be  better  handled  in  a  small  com- 
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mittee  that  could  consider  it  in  all  its  different  phases.  I  think 
the  general  limitations  are  pretty  well  established  for  coraiuercial 
purposes.  I  am  speaking  now  only  of  direct  current  apparatus, 
not  of  alternating.  I  think  we  are  doing  very  well  at  present  on 
the  existing  standards.  There  are  some  details  that  would  un- 
doubtedly develop  when  the  matter  is  placed  iu  the  hands  of  a 
committee,  but  any  movement  in  that  direction  undoubtedly 
would  result  in  a  great  deal  of  good  to  both  mannfacturers  and 
consulting  engineers — and,  incidentally,  of  course,  to  purchas- 
ers. 

The  President: — The  appointment  of  a  committee  would  be 
the  natural  action  to  be  taken  as  the  result  of  this  meeting,  but  I 
think  the  committee  would  be  very  glad  to  have  all  the  light  pos- 
sible upon  the  subject,  and  particularly  the  sense  of  the  meeting, 
the  general  sentiment  in  favor  of  or  against  this  idea,  and  how  far 
it  can  go.  I  think  the  committee  can  take  care  of  the  details  of 
such  a  question,  but  it  is  anxious  to  know  the  general  sentiment 
which  is  very  hard  to  get,  except  from  a  meeting.  So  the  more 
light  that  is  thrown  on  this  subject,  the  more  opinions  expressed, 
the  easier  and  more  successful  will  be  the  work  of  the  committee. 

I  will  call  upon  Dr.  Kennelly  to  speak  upon  this  subject. 

Dr.  a.  E.  Kennelly  :  Mr.  Chairman  : — I  think  that  the  re- 
marks we  have  listened  to  from  Mr.  Rice  are  so  excellent  that 
they  require  little  amendment,  at  least  on  my  part.  I  think  the 
work  of  the  Institute  in  regard  to  standardization  should  lie  in 
the  line  of  definitions,  and  not  in  the  line  of  saying  what  should 
be,  or  should  not  be  good  apparatus,  or  what  should  or  should  not 
be  good  standards  of  apparatus.     I  think  there  are  a  good  manv 

f>hra8e8  which  are  used  which  have  different  meanings,  andwhicli 
ead  to  a  great  many  disputes,  and  if  those  phrases  and  deiini- 
tions  were  formulated  and  standardized  by  the  Institute,  they 
would  be  of  great  assistance  to  the  business  and  to  all  concerned. 
I  think  that  is  the  proper  province  of  an  institution  such  as  ours, 
in  assisting  and  developing  the  business  which  it  is  our  pleasure 
and  advantage  to  promote.  The  questions  of  what  regulation 
should  mean,  what  temperature  elevation  should  mean  and  how 
it  should  be  measured,  what  efficiency  should  mean,  etc.,  are  em- 
inently practical  and  proper  technical  questions  which  I  think 
might  save  a  great  deal  of  trouble  and  dispute  if  they  were  set- 
tlea  and  delined  with  the  recommendation  of  the  Institutf. 
They  would  facilitate  progress  and  enable  people  to  understand 
each  other  with  greater  precision  than  the}'  do  at  present.  But 
1  should  be  inclined  to  regard  with  disfavor  any  attempt  made  to 
standardize  apparatus  in  any  other  way  then  by  the  process  of 
evolution  among  business  interests. 

The  President  :— This  report  that  I  referred  to  I  think  is  of 
sufficient  interest  and  application  to  the  present  case  to  justify 
me  in  speaking  of  it  further.  The  committee  that  made  the 
report  consisted  of  Messrs.  William  Kent,  J.  C.  Hoadley,  R.  H. 
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Thurston,  Charles  E.  Emery  and  Charles  T.  Porter.  The  re- 
port itself  is  eleven  pages  long,  and  is  followed  by  a  code  of 
rules  for  boiler  tests,  of  forty  pages,  ffoing  into  great  detail  and 
specifying  just  how  these  tests  should  be  made  ;  and  while  we 
have  no  such  complicated  problem  as  that,  fortunately  for  us,  it 
shows  that  it  is  common  practice  in  that  important  profession  and 
one  that  has  produced  successful  results,  to  standardize  the 
methods  of  test  even  to  the  extent  of  going  into  great  detail,  and 
our  simple  problem  of  deciding  what  method  should  be  uped  in 
measuring  temperature  rise  is  a  very  small  matter  compared  with 
the  elaborate  details  given  in  this  code  of  rules  here,  and  it  would 
therefore  be  safe  for  us  to  go  into  details.  A  general  statement, 
and  fairly  specific  rules  as  to  how  these  tests  should  me  made  is 
desirable,  particularly  when  it  is  remembered,  as  I  have  pointed 
out,  that  tney  are  mere  recommendations  ;  as  to  whether  any.- 
thing  more  than  recommendations  as  to  methods  is  to  be  given 
is  a  point  I  think  that  ought  to  be  considered,  because  I  think 
that  would  be  a  very  important  one  in  the  deliberations  of  the 
committee.  If  the  general  sense  of  the  Institute  is  unfavorable 
to  it,  the  committee  would  not  iiave  to  consider  that  questi  m 
at  all ;  but  if  that  question  is  brought  in,  it  will  be  very  difficult 
for  them  to  decide  just  how  far  it  is  advisable  to  go.  Mr.  Rice 
suggested  that  three  or  four  different  frequencies  would  cover 
most  ranges  that  were  required  in  practice ;  whereas,  as  a  matter 
of  fact,  we  have  many  more  than  tliat.  It  would  be  interesting 
to  know  whether  the  various  speakers  would  consider  that  a 
proper  matter  for  standardizing.  I  think  we  all  are  somewhat 
nampered  with  the  notion  that  this  is  going  to  be  an  absolute  re- 
quirement from  which  there  is  no  escape.  There  is  nothing  in 
these  recommendations — if  they  are  ever  made — to  prevent  any- 
one from  making  another  frequency.  It  will  simply  be  an  influ- 
ence against  multiplying  frequencies,  which  in  my  opinion  are 
absolutely  unnecessary.  Personally,  I  confess,  I  would  like  to 
see  the  standards  adopted — not  forced  on  the  public,  but  simply 
adopted  for  mutual  convenience,  in  the  same  way  that  standard 
screw  threads  are  adopted — not  that  you  cannot  make  another 
screw  thread  if  you  see  fit,  for  certain  purposes ;  but  it  is  for  the 
common  convenience  of  all  concerned  that  certain  standards 
should  be  adopted. 

Mb.  Townsend  Wolcott  : — If  I  understand  the  situation, 
there  are  two  ideas  about  standards — one,  recognized  standards 
in  methods  of  testing;  and  the  other,  standard  apparatus  itself. 
Is  that  correct  I 

The  President  : — That  seems  to  be  the  way  the  discussion 
shapes  itself. 

Mb.  Wolcott: — I  think  recommending  standaid  methods  of 
testing  is  a  ver^'  good  idea.  So  far  as  the  apparatus  is  concenied, 
I  think  it  will  eventually  standardize  itself,  in  the  same  sense  in 
which  you  have  been  speaking ;  that  is  to  say,  we  have  standard 
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voltasre  for  constant  potential  continuous  current.  We  have  a 
80-cailed  110,  which  may  be  anything  up  to  125.  If  anybody 
wants  another  voltage,  \ie  gets  it,  but  there  are  a  great  many 
more  machines  built  with  that,  and  the  double  voltage,  220,  than 
there  are  of  the  intermediate  ones.  Dr.  Kennelly  remarked 
abo  at  the  commercial  conditions  of  the  case.  I  think  that  is 
what  determines  it,  and  I  think  these  odd  voltages  are  disappear- 
ing. I  know  they  are  discouraged  by  manufacturers.  If  asked 
for  a  machine  of  an  odd  voltage  for  any  purpose  now,  the  manu- 
facturer will  always  tell  yon  :  We  can  give  you  that  machine  if 
yon  want  it,  but  it  will  cost  more ;  and  that  is  about  as  strong  an 
arg'iment  with  most  people,  to  stick  to  standard  voltages,  as  I 
can  think  of — they  have  got  to  pay  more  for  the  others. 

The  Prksident: — If  there  is  that  influence  that  Mr.  Wolcott 
apsaks  of,  that  anything  but  standards,  after  they  are  adopted, 
would  naturally  cost  more,  and  therefore  their  use  discouraged, 
that  should  be  the  fact,  but  not  always  is  the  fact.  I  think  there 
is  a  tendency  on  the  part  of  a  good  many  people  to  prefer  some- 
thing that  is  not  standard  for  some  reason  that  is  entirely  unin- 
telligible to  me,  and  it  is  desirable,  I  think,  to  protect  ourselves 
against  such  individuals  that  such  standards  should  be  adopted. 
The  general  question,  of  course,  as  Mr.  Wolcott  says,  seenM  to 
divide  itself  into  methods  of  testing  and  the  standardizing  of  ap- 
paratus. There  seems  to  be  a  nearly  unanimous  approval  of 
standard  methods  of  testing,  but  considerable  doubt,  in  fact 
unfavorable  opinion,  in  regard  to  standardizing  apparatus. 

Dr.  Gary  T.  Hutchinson  : — I  think,  with  the  other  speakers, 
that  there  is  no  question  as  to  the  advisability  of  doing  some- 
thing in  this  direction.  The  difference  of  opinion  seems  to  be 
how  far  we  should  go.  I  doubt  the  advisability  of  attempting  to 
establish  standard  methods  for  testing  different  machines.  Such 
things,  I  think,  take  care  of  themselves.  On  the  other  hand,  I 
do  think  that  standards  of  performance  should  be  established, 
and  that  incident  to  this,  the  meaning  of  such  terms  as  '*  regula- 
tion," "efficiency,"  "lieating  limit"  and  others  should  be  clearly 
defined.  As  the  matter  now  stands,  many  electrical  njanufactur- 
ers  will  accept  any  sj)eciiication  from  engineers,  hoping,  in  case 
they  fail  to  comply  with  its  terms*,  to  clear  themselves  by  some 
dispute  on  the  definition  of  tlie  terms  employed  in  the  specitica- 
ti(>n.  Ileuce  I  think  we  wonld  better  specify  conditions  of  per- 
formance, and  define  clearly  the  terms  involved,  rather  than 
attempt  to  outline  standard  methods  of  testing. 

Tliere  is  by  no  means  an  agreement  of  practice  between  the 
different  electrical  manufacturers,  even  in  such  old  matters  as  the 
design  of  small  direct  current  machines.  I  have  recently  found 
the  greatest  diversity  in  machines  of  this  type  made  by  the  diff- 
erent manufa<»turers. 

I  agree  with  Mr.  Rice  that  this  work  should  be  done  by  a 
committee.     I  think  that  this  committee  should  be  a  small  one, 
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composed  of  members  who  can  get  together  conveniently  and 
frequently.  In  other  wordp,  that  it  should  be  a  working  com- 
mittee rather  than  an  honorary  one.  Moreover,  I  do  not  think 
that  any  electrical  manufacturing  companies  should  be  repre- 
sented on  this  committee.  To  have  all  of  them  represented 
would  make  the  committee  cumbersome ;  to  have  one  or  two 
represented,  and  exclude  the  others,  would  preiadice  the  work 
at  the  outset.  I  think  the  committee  should  cultivate  the  most 
friendly  relations  possible  with  the  different  manufacturers  from 
whom,  of  course,  it  would  be  necessary  that  the  committee  should 
get  much  data  and  information.  Representatives  of  the  different 
companies  should  be  invited  to  consult  with  the  committee,  and 
it  isnighly  probable  that  it  would  be  proved  advisable  to  make 
various  tests  at  some  of  the  different  factories.  For  all  these 
reasons  I  think  it  would  be  highly  inadvisable  to  have  the  differ- 
ent manufacturers  directly  represented.  Not  one  of  them,  I  be- 
lieve, would  be  willing  to  gjve  free  access  to  its  shops  to  a  com- 
mittee composed  of  members  of  rival  companies. 

The  President  : — The  matter  that  Dr.  Hutchinson  referred 
to,  the  composition  of  this  committee — is  a  most  important  ques- 
tion, and  it  would  be  well,  I  think,  if  this  matter  were  discussed 
as  to  whether  manufacturers  should  or  should  not  be  actual 
members  of  that  bodv. 

I  will  call  on  Mr.  Lieb  for  his  views  on  this  subject. 

Mr,  John  W.  Lieb,  Jr.  : — I  fear  that  I  cannot  add  much 
to  what  has  already  been  said  on  a  rather  broad  subject. 
As  to  the  desirability  of  standardizing  types  of  apparatus,  1  am 
inclined  to  agree  with  what  several  of  the  previous  speakers  have 
said.  It  has  been  pointed  out  that  the  electrical  industry  bears 
the  stamp  of  the  general  tendency  of  American  manufacturing 
methods — construction,  so  as  to  secure  interchangeability  and  du- 
plication of  parts.  I  think  that  the  electrical  industry,  as  of 
more  recent  development,  has  profited  perhaps  more  largely  than 
other  industries  bv  American  manufacturing  methods  by  using 
labor  saving  devices,  working  by  jigs,  templates  and  other  de- 
vices for  rapid  duplication  of  parts.  This  is  somewhat  in  contrast 
with  European  methods  in  similar  industries,  where,  I  think,  a 
marked  tendency  is  manifest  to  depart  from  standard  types. 
This  is  the  case,  for  instance,  with  direct  driven  dynamos,  partic- 
ularly if  they  are  driven  by  turbines.  Each  turbine,  practically, 
is  designed  and  developed  for  the  specific  case,  considering  par 
ticularly  the  conditions  of  fall,  discharge,  etc.  The  result  is,  of 
course,  the  most  efficient  type  of  apparatus  to  till  each  condition. 
It  must,  however,  be  admitted  that  it  is  rather  an  expensive 
method,  each  construction  requiring  special  patterns  and  special 
development.  I  believe  that  the  Institute  would  be  doing  val- 
uable work  for  the  industry  generally,  for  the  manufacturer  and 
for  the  purchaser  alike,  if  it  could  take  hold  of  the  work,  and 
starting  with  certain  detinitions  of  quantity,  follow  on  to  detine 
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or  recommend  what  should  be  reasonably  expected  from  a  stand- 
ard piece  of  apparatus  as  regards  capacity,  insulation  and  other 
characteristics  that  have  already  been  touched  upon  by  previous 
speakers. 

I  would  like  to  point  out  one,  I  might  almost  say  insignificant, 
phase  of  this  question  ;  its  relation  to  electricity  supply  compan- 
lefi.  The  tendency  to-day  is  away  from  the  practice  tnat  obtamed 
at  one  time  of  basing  the  charge  for  current  delivered  to  electric 
motors,  on  the  capacity  of  the  motor,  or  the  charge  of  a  flat  rate 
per  month  per  motor,  based  on  its  horse-power.  W  hile  we  have 
gone  beyond  that  stage  of  the  industry,  it  is  still  the  practice  of 
many  companies  to  consider  the  rated  capacity  of  the  motor  as  a 
factor  in  its  system  of  charges  for  current,  fixing  a  minimum 
charge  per  month,  depending  upon  the  size  of  the  motor  installed; 
the  horse-power  capacity  of  the  installation,  its  equivalent  in  kil- 
owatts or  16  candle-power  lamps  entering  as  a  factor  in  fixing  the 
rate.  I  will  not  go  too  far  afield  in  this  direction,  as  it  is  com- 
paratively one  of  the  unimportant  elements.  The  committee 
naying  in  hand  such  an  important  piece  of  work  should,  as  sug- 
gested by  one  of  the  previous  speaKers,  be  untrammelled  by  any 
direct  relations  with  the  manufacturing  companies.  I  am  sure 
the  manufacturing  companies  would  be  most  happy  to  place  at 
the  disposal  of  the  committee,  all  the  information  and  practical 
data  which  they  have  at  command,  but  it  seems  to  me  it  would  be 
undesirable  for  any  manufacturer  to  be  represented  on  the  com- 
mittee. I  should  think  they  would  prefer  not  to  be  directly 
represented.  On  the  other  hand,  it  would  certainly  be  desirable 
that  the  committee  should  profit  by  consulting  with  those  who 
represent  the  diflferent  classes  of  service  to  which  the  apparatus 
is  put.  It  might  be  desirable  to  have  apparatus  which  is  used  in 
an  isolated  plant  conform  to  certain  conditions  of  overload  and 
regulation,  while  apparatus  in  a  large  central  station  should  sat- 
isfy other  conditions;  the  committee  will  probably  find  it  diffi- 
cult to  formulate  any  general  rules  or  specifications  covering  all 
conditions  of  service,  but  they  would  certainly  do  very  excellent 
work  by  setting  up  some  standard  for  general  reference  in  order 
to  minimize  the  questions  which  are  constantly  arising  along  the 
lines  of  the  discussion  this  evening. 

The  President  : — I  think  Mr.  Lieb  is  right  in  saying  that  the 
manufacturers  would  probably  prefer  not  to  be  on  that  com- 
mittee ;  but  it  is  open  to  question,  I  think,  whether  if  it  were 
composed  entirely  of  purchasers  of  the  apparatus  it  would  be 
as  competent  a  committee  as  if  it  were  composed  entirely  of 
manufacturers.  There  are  three  sides  to  the  question,  as  Mr. 
Rice  has  pointed  out  in  his  paper— the  manufacturer,  the  pur- 
chaser and  the  consulting  engineer,  and  leaving  out  any  one  of 
them  you  do  not  necessarily  produce  any  better  result.  I  would 
like  to  have  Dr.  Kennelly  speak  on  that  point.  In  private  con- 
versation he  has  taken  a  dinerent  position  and  I  would  like  to 
have  that  side  of  it  expressed. 
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Dk.  Kennelly  : — The  attitude  taken  by  the  different  speakers 
this  evening  upon  tliat  point  as  to  how  the  committee  should  be 
made  up,  is  somewhat  different  from  the  manner  in  which  I  have 
thought  about  it.  It  seemed  to  me  that  having  a  committee  to 
recommend  how  manufacturers  should  make  apparatus,  without 
having  any  manufacturers  on  that  committer,  was  something  like 
playing  Hamlet  with  Hamlet  left  out.  This  is  a  matter  which 
vitally  interests  all  manufacturers.  It  is  for  their  benefit,  as  well 
as  for  the  benefit  of  those  who  purchase  from  the  manufacturers, 
that  such  a  committee  would  ultimately  be  doing  this  work,  and 
in  some  way  or  other  the  manufacturer  must  be  consulted, 
whether  they  are  consulted  by  having  them  off  the  committee 
and  asking  them  what  they  think,  or  whether  they  are  consulted 
by  having  them  on  such  a  committee  and  assisting  the  lucubra- 
tions of  the  committee  with  their  actual  presence,  is  a  question 
which  admits  of  several  considerations.  1  think  there  is  one  ad- 
vantage of  having  manufacturers  on  the  committee — it  would  be 
a  safeguard  against  anything  being  recommended  by  the  com- 
mittee which  could  possibly  give  umbrage  to  other  manufacturers, 
because  I  think  that  if  one  manufacturer  saw  a  recommendation 
going  into  the  report  of  the  committee  that  would  look  like  un- 
fair play,  he  wonld  be  the  very  person  to  object  to  it,  and  I  think 
it  would  be  a  good  safeguard  against  any  injudicious  recommen- 
dations being  formulated.  But  I  think  that  this  is  a  matter  of 
opinion,  because  sooner  or  later  the  manufacturers  must  be  con- 
sulted. 

The  President: — I  will  call  upon  Mr.  Dunn  to  discuss  this 
question. 

Mr.  Ctano  S.  Dunn  : — The  problem  as  it  has  been  discussed 
increases  so  greatly  in  magnitude  that  I  fear  our  action  will  be 
discouraged.  Let  us  not  attempt  to  deal  with  the  whole  matter 
or  to  cover  the  whole  field  at  once.  I  recommend  the  appoint- 
ment of  a  permanent  committee  that  shall  sit  through  several 
years,  and  from  time  to  time,  as  convenient  subjects  come  up, 
shall  standardize  and  dispose  of  them.  For  instance,  the  methods 
of  measuring  temperature  rise  could  be  dealt  with  immedi- 
ately. 

At  present  three  standards  of  temperature  increase  are  in 
vogue,  and  while  believed  by  many  engineers  to  be  nearly  equiv- 
alent, are  different  to  a  great  degree.  One  requires  that  the  rise 
of  temperature  in  no  part  of  a  machine  shall  exceed  the  specifi- 
cation limit.  Another,  that  the  rise  of  temperature  as  measured 
by  thermometer  shall  not  exceed  the  same  limit,  and  another  that 
the  rise  of  temperature  as  measured  by  increase  of  resistance  shall 
not  exceed  the  limit. 

I  have  in  mv  hands  details  of  certain  experiments  which  I  will 
not  now  give,  because  I  see  the  discussion  has  been  trending  in 
another  direction,  but  the  results  show  temperature  measurements 
by  thermometer  differing  in  some  cases  from  temperature  meas- 
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urements  by  resistance,  by  over  100  per  cent.,  while  in  otlier 
cases  the  two  methods  reach  a  result  different  by  only  20  per 
cent. 

An  immediate  action  that  the  committee  could  take  would  be 
to  declare  that  in  the  opinion  of  the  American  Institute  op 
Eleotrical  Engineers,  the  most  accurate  method  of  measuring 
temperature  increase  is  by  increase  of  resistance,  and  that 
as  this  method  gives  results  considerably  higher  than  the  ther- 
mometer, the  limits  of  rise  should  be  newly  set  to  be  eqivalent  to 
what  has  been  the  standard  under  the  latter  method. 

This  would  settle  the  controversies  arising  over  specifications 
where  no  method  of  measurement  is  specified,  and  would  also  di- 
rect attention  to  what  the  investigations  of  the  Institute  would 
have  detennined  to  be  the  most  accurate  method. 

With  regard  to  the  composition  of  the  committee,  I  think  it 
would  be  very  wrong  to  omit  the  manufacturers  ;  as  wrong  as  to 
omit  the  consulting  engineers.  I  am  not  able  to  propose  a  solu- 
tion, but  my  objection  would  be  overcome  by  the  appointment  of 
members  who  are  not  manufacturers  provided  they  had  been  at 
some  time.  The  experience  derived  from  actual  contact  with 
factory  methods,  is  absolutely  necessary  to  the  successful  deter- 
mination of  the  questions  affecting  standardization  of  apparatus. 

Mr.  II.  B.  CoHo : — It  seems  to  me  that  the  proper  way  to  do 
is  to  have  two  committees  ;  not  two  committees  in  the  Institute, 
but  one  a  committee  of  the  Institute,  and  the  other  a  committee 
of  manufacturers  formed  outside  to  consider  their  present  stan- 
dards. Of  course,  all  manufacturers  have  their  present  standards. 
On  the  other  hand,  the  committee  of  the  Institute  could,  as  Dr. 
Hutchinson  states,  suggest  something  that  the  manufacturers 
might  work  up  to.  Of  course,  if  a  manufacturer  does  not  have 
to  make  new  patterns,  he  considers  himself  so  much  better  off, 
and  naturally  will  not  make  new  patterns  if  he  can  help  it, 
whereas  the  committee  from  the  Institute  might  suggest  to  the 
manufacturer  improvements  which  he  could  from  time  to  time 
adopt.  There  is  one  point,  it  seems  to  me,  on  which  the  Insti- 
tute could  do  something,  and  that  is  in  the  matter  of  alternating 
currtot,  especially  with  reference  to  motors.  The  great  number 
of  frequencies  we  have  to  contend  with  makes  it  almost  impossi- 
ble for  a  man  to  sell  a  motor  of  his  own  make  to  go  on  anything 
bnt  his  own  generator.  It  is  very  seldom  that  a  motor  of  one 
system  will  work  on  that  of  another,  satisfactorily.  Of  course,  I 
realize  that  this  is  one  of  the  arguments  used  to  sell  complete 
plants  of  one  make. 

It  seems  to  me  a  verv  good  idea  to  have  this  matter  taken  up, 
but  I  agree  with  Dr.  Hutchinson  that  mantifacturers  are  hardly 
the  proper  persons  to  place  on  the  committee,  unless  there  is  a 
representative  from  each  of  the  manufacturers,  it  being,  in  my  mind, 
very  difficult  to  satisfy  one  manufacturer  that  another  manufac- 
turer is  not  prejudiced  in  his  own  favor. 


1898.]  DISCUSSION  IN  NEW  YORK.  17 

I  think  the  subject  of  alternating  current,  especially  in  remrd 
to  transformers  and  motors,  would  be  a  matter  which  could  be 
readily  brought  up  and  discussed  with  a  great  deal  of  advantage. 

The  Pkesident  : — I  doubt  very  much  if  the  action  taken  will 
be  far  enough.  The  conservative  idea  that  seems  to  prevail  will 
prevent,  I  think,  any  action  beiuir  taken  which  will  discriminate 
between  manufacturers.  I  think  tlie  action  taken  will  be  so  very 
general  that  it  will  not  fall  hard  on  any  individual.  The  idea  at 
present  seems  to  be  that  only  a  very  general  action  should  be  ta- 
ten,  and  I  think  it  would  not  aflfect  one  manufacturer  much  more 
than  another.  It  is  simply  the  manufacturer's  point  of  view  in 
general,  I  think,  that  Mr.  Dunn  has  contended  for  rather  than 
any  particular  manufacturer's  point  of  view. 

Mb.  Frank  A.  Pattison  : — It  seems  to  me  that  we  should 
consider  why  this  question  is  brought  before  the  Institute. 
There  is  evidently  some  cause  that  has  made  this  question  what 
we  might  call  in  electrical  circles  the  living  question  of  the  day, 
and  it  seems  to  me  it  is  due  to  the  fact  that  we  cannot  understand 
each  other.  The  manufacturer  does  not  understand  the  engin- 
eer. The  owner  does  not  understand  the  engineer.  The  owner 
does  not  understand  the  manufacturer.  Now,  when  two 
men  start  out  in  a  discussion  and  want  to  arrive  at  some  definite 
conclusion,  the  first  thing  that  they  reasonably  agree  upon  is  cer- 
tain definitions  which,  it  used,  mean  certain  thmgs  and  cannot 
mean  anything  else.  Now  all  the  disagreementjs  that  have  come 
within  the  scope  of  my  experience  have  arisen  from  the  fact  that 
people  did  not  understand  each  other,  simply  because  they  did 
not  understand  the  terms  used  in  the  same  way.  Therefore,  it 
would  appear  that  the  solution  of  the  problem  is  not  in  the  stan- 
dardization of  the  apparatus,  which  is  an  impossibility.  Stan- 
dardization of  apparatus  is  a  natural  growth,  and  the  minute  you 
attempt  to  arbitrarily  standardize  anything  that  is  going 
through  a  natural  growth,  you  at  once  stint  it,  and  it  seems  to  me 
far  from  the  right  path  of  this  Institute  to  attempt  in  any  way 
to  standardize  the  apparatus  itself,  which  practically  means  that 
a  50-kilowatt  machine  shall  be  a  50-kilowatt  machine  "  Institute 
standard  "  for  example,  that  that  means  one  thing,  and  that  it 
cannot  mean  anything  else  ;  that  whenever  that  term  is  used  it 
must  always  mean  the  same  thing.  That  is  an  impossibility. 
Standardization  cannot  be  attained  in  that  way.  As  to  the  com- 
mittee which  should  take  this  question  up,  it  seems  to  me  that 
in  a  body  of  the  standing  of  the  American  Institute  of  Elec- 
TBicAL  Engineers  that  they  have  no  need  to  fear  that  the  action 
of  any  of  their  committees  will  be  questioned  on  account  of  the 
composition  of  that  committee.  Therefore,  I  am  of  the  opinion 
most  decidedly  that  that  committee  should  be  appointed  by  the 
Chair  and  should  be  composed  of  men  who  in  the  Chairman's 
opinion  are  best  suited,  regardless  of  whether  they  are  manufac- 
turers, engineers  or  users,  and  that  that  committee  should  be  a 
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permanent  committee ;  that  that  committee  should  define  terms 
to  be  used,  but  should  not  attempt  in  any  way  to  define  or  stan- 
dardize apparatus  at  first,  and  that  it  should  deal  not  only  with  the 
Questions  that  are  before  us  to-day,  but  that  any  questions  wherein 
efinitions  arise  that  need  standardization  should  come  within 
the  scope  of  tliat  committee,  and  that  it  should  be  a  permanent 
committee  of  the  Institute. 

Mr.  Lozier  : — My  thoughts  are  very  much  in  line  with  what 
Mr.  Pattison  says.  I  would  like  very  much  to  get  the  sense  of 
the  meeting  as  to  whether  they  think  the  standards  should  be 
passed  only  on  safety  limitations  instead  of  what  would  be  desir- 
able performance  of  the  apparatus.  I  think  in  a  great  many  in- 
surance standards  laid  down  for  boiler  testing,  and  also  for  steam 
engine  testing,  the  terminations  there  are  on  certain  fixed  lines 
which  do  not  necessarily  call  for  desirable  performance,  but  that 
in  fixing  the  lines  on  which  the  tests  should  be  made,  the  appar- 
atus is  restricted  to  certain  safety  factors.  Now  if  we  could  de- 
termine for  motors,  for  example,  (or  for  dynamos)  what  was  an 
exact  safety  limit  for  a  10-hour  operation,  that  safety  limit  could 
be  modified  for  different  types  and  forms  of  machines.  This  is 
a  point  on  which  I  should  like  to  have  an  expression  of  opin- 
ion. 

The  President  : — I  do  not  understand  exactly  the  points  you 
desire  to  bring  out. 

Mr.  Lozier  : — The  point  is  this  :  Cannot  the  Institute  lay 
down  certain  safety  limits  ?  It  would  seem  to  me  that  for  in- 
stance the  question  of  sparking — of  course,  this  is  rather  hard  to 
determine — but  take  the  question  of  temperature  alone.  That 
has  a  certain  safety  limit  that  I  think  the  Institute  could  deter- 
mine. Of  course,  there  are  other  determinations  that  I  think 
would  appear  desirable,  but  at  the  moment  I  have  more  particu- 
larly in  mind  the  question  of  temperature,  and  if  it  would  not  be 
best  to  have  those  safety  limits  determined  by  such  a  committee 
rather  than  what  they  would  consider  to  be  a  desirable  tempera- 
ture. One  man,  for  example,  might  think  it  would  be  desirable 
to  have  35  degrees  C.  for  a  10-hour  run,  while  another  man 
would  want  38,  while  the  safety  limit  could  be  used  as  a  fixed 
quantity. 

The  President  : — Do  I  understand  that  you  desire  to  have  an 
expression  of  the  sense  of  the  meeting  as  to  the  actual  safety 
limit,  as  to  the  desirability  of  specifying  a  safety  limit  for  a  rise 
of  temperature  ? 

Mr.  Lozier  : — Yes,  that  general  feature.  I  think  that  would 
give  us  one  of  the  quantities  that  should  be  specified  within  the 
Emits  of  safety.  I  do  not  think  that  limit  has  ever  been  posi- 
tively determined.  We  have  arrived  at  40  degrees  0.  That 
seems  to  be  the  generally  accepted  safety  limit.  That  might  be 
80,  but  it  might  be  less  than  that.  It  might  be  greater.  But  it 
seems  to  me  that  we  could  arrive  at  certain  fixea  constants  that 
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would  represent  elements  determined  by  the  safety  factor  in  dis- 
tinction to  what  would  appear  to  be  desirable  performance.  I 
think  "desirable  features  "  is  an  open  question. 

I  think  this  general  plan  of  safety  limits  can  be  made  to  apply 
to  more  than  the  temperature,  but  I  simply  state  that  as  an  in- 
stance. 

The  Prksident  : — Before  putting  this  or  any  other  question 
to  vote,  I  think  it  would  be  well  for  the  discussion  to  be  com- 
pleted, and  it  would  also  be  well,  I  think,  for  the  Institute  to 
aecide  whether  it  cares  to  vote  on  these  specific  questions  or  not. 
Any  question  on  the  subject  is  in  order. 

Mr.  F.  V.  Henshaw: — It  seems  to  me  before  we  go  into 
these  fipeciiic  details  as  to  what  is  to  be  standardized,  and  so  on, 
it  would  be  rather  well  to  decide  as  to  whether  we  will  adopt  the 
suggestion  of  a  standing  committee  to  take  up  these  matters.  I 
would  like  to  say  one  thing  in  regard  to  the  personnel  of  that, 
committee.  I  ao  not  quite  understand  why  the  Institute  is  so 
rough  on  the  manufacturers.  The  standards  which  we  have,  and 
we  nave  quite  a  number,  as  the  result  of  a  good  many  years  of 
evolution,  have  all  been  developed  by  the  manufacturers  endeav- 
oring to  meet  the  demands  of  the  public,  and  really  to-day  the 
best  practical  data  we  can  get  anywhere  is  from  tne  published 
catalogues  and  tables  of  the  various  manufacturers.  I  further- 
more agree  with  the  recent  speaker  that  members  of  the  Insti- 
tute ought  to  be  like  Caesar's  wife,  above  suspicion,  in  regard  to 
furthering  their  own  interests,  and  furthermore  these  recommen- 
dations will  be  submitted  to  the  whole  Institute,  undoubtedly, 
before  they  are  finally  authorized  by  that  body,  and  any  mem- 
ber, if  he  has  anything  to  object  to,  is  always  at  liberty  to  object 
to  it. 

Mb.  N.  M.  Hopkins  : — I  would  like  very  much  to  hear  a  gen- 
eral opinion,  not  on  the  advisability  of  appointing  a  committee 
composed  of  manufacturing  and  consulting  engineers,  but  on  the 
probable  work  and  decision  of  such  a  committee.  I  think  a 
number  of  gentlemen  have  disfavored  the  appointing  of  a  com- 
posite committee,  so  to  speak,  without  thoroughly  considering 
the  question  of  their  probable  work  and  findings.  I  do  not  think 
there  would  be  much  conflict  of  ideas  and  opinions,  even  with 
such  questions  as  efficiency  of  apparatus,  highest  permissible 
heating  of  armatures,  field  coils,  etc.  I  do  not  think  the  findings 
of  two  separate  committees,  one  composed  of  manufacturing  en- 

fineers  and  the  other  of  consulting  or  designing  engineers  would 
iflPer  very  materially.     I  do  not  think  the  manufacturing  talent 
should  be  excluded  from  the  committee. 

Dr.  Hutchinson  : — I  see  I  have  stirred  up  the  meeting  by  mj 
references  to  the  electrical  companies  being  represented  on  this 
committee.  I  gave  my  reasons  for  this  position,  and  am  sure 
that  in  practice  the  matter  would  tim  out  as  I  have  stated.  It 
would  be  necessary  to  have  all   the  companies  represented,   or 
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none.  If  jou  have  all  represented,  then  the  factories  of  all  wonld 
be  closed  to  the  committee  for  any  testing  work  that  the  com- 
mittee might  have  to  do.  I  believe  that  the  committee  can  ^t 
all  the  in^rmatioD  it  asks  from  the  companies  without  having 
one  of  their  representatives  on  the  committee. 

Mb.  Chaklk8  p.  Steinmetz: — The  problem  before  the  house 
to-night  is  undoubtedly  a  very  important  and  a  very  difficult  one. 
Now,  as  regards  the  question  of  manufacturers,  there  are  un- 
doubtedly some  very  good  reasons  why  manufacturers  should  not 
be  on  the  committee,  and  there  are  some  very  good  reasons  also 
why  they  should  be  on  the  committee.  But  it  appears  to  me 
there  are  still  very  much  better  reasons  why  this  question  should 
not  have  been  raised  at  all.  If  the  Institute  intends  to  produce 
something  of  lasting  value,  which  will  be  accepted  and  adopted 
by  the  whole  continent,  then  the  committee  doing  the  work  must 
be  composed  of  men  of  such  standing  and  reputation  that,  re- 
gardless of  whether  they  are  connected  witri  manufacturing  con- 
cerns or  not,  there  can  be  no  question  that  they  will  be  impartial 
and  not  influenced  by  the  fact  that  they  are  connected  with  this 
or  that  company.  But  they  must  be  the  best  men  available,  and 
then  there  will  be  no  question  about  it  whether  manufacturers  or 
not.  Besides,  the  problem  under  discussion  appears  to  me  to 
have  two  different  phases :  one  is  the  question  of  standardizing 
the  meaning  of  terms,  and  the  other  is  the  question  of  standaro- 
izing  the  methods  of  tests.  To  arrive  at  a  common  understand- 
ing of  the  meaning  of  ternas,  or  the  constants  represented  by 
them,  it  is  undoubtedly  extremely  desirable  to  have  the  terms 
standards.  I  may  only  mention  the  unfortunate  term  "  effic- 
iency," which  used  to  mean  in  the  old  times  the  output  divided 
by  output  plus  (?"/**,  because  (PR  was  the  only  thing  all  people 
knew  how  to  measure.  But  gradually  it  dawned  upon  them  that 
there  are  some  losses  in  the  iron  and  consequently  the  question 
arose,  should  they  be  taken  in  the  efficiency  or  not.  After  that 
there  were  other  losses  discovered  in  tiie  brushes  of  the  continu- 
ous current  machine,  etc.  It  is  very  desirable  to  standardize 
what  efficiency  means.  Mi)6t  of  the  discrepancies  between  en- 
gineers arise  from  the  divergence  in  the  understanding  of  the 
meaning  of  one  of  these  terms.  It  may  be  quite  desirable  also 
to  have  standard  methods  of  testing  which  is  now  one  very  great 
difficulty.  The  comj)ari6on  with  mechanical  engineering  is  very 
nice,  but  we  must  consider  that  of  the  whole  lield  of  en- 
gineering, no  branch  is  so  much  developed  theoretically  as  elec- 
trical engineering,  and  if  we  consider  the  exactness  of  electrical 
engineering  where  you  fight  about  a  fraction  of  a  per  cent,  of 
efficiency,  with  the  exactness  of  mechanical  engineering,  where 
you  make  the  beam  that  has  to  carry  the  structure  of  a  bridge 
500  percent,  stronger  than  calculated,  you  see  there  is  great  diff- 
erence, and  thus  it  may  be  quite  desirable  when  making  mechan- 
ical tests  with  the  inaccuracy  of  mechanical  engineering,  to  pro- 
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duce  a  standard  or  rather  a  recipe — how  to  make  the  test.  But 
that  would  not  do  in  electrical  engineering.  It  would  not  do,  for 
instance,  in  measuring  efficiency,  to  say  efficiency  shall  be  tested 
by  measuring  the  mechanical  output  by  a  brake,  and  the  electri- 
cal output  by  an  instrument.  If  you  take  a  direct  connected  al- 
ternator of  some  2,000-kilo watts  capacity,  you  cannot  get  a  me- 
chanical brake  to  measure  the  input,  and  you  cannot  measure  the 
output  either,  very  well.  From  indicator  diagrams  of  the  engine 
you  cannot  get  the  efficiency,  since  the  engine  efficiency  is  so  low 
that  you  cannot  get  any  accuracy.  So  you  see  the  only  possi- 
bility in  very  many  cases  in  determining  these  efficiencies  is  some 
abbreviated  method.  Efficiency  usually  is  determined  by  meas- 
uring the  losses  and  summing  them  up.  Now,  that  is  the  best 
that  can  be  done  in  many  cases.  But  if  the  Institute  should 
settle  that  efficiency  shall  be  measured  by  adding  certain  losses  it 
may  be  a  dangerous  thing,  because  there  may  be  other  losses 
coming  in  and  there  may  be  a  difference  of  opinion  as  to  whether 
there  is  loss  or  not.  I  mention,  for  instance,  hysteresis  loss,  be- 
cause hysteresis  has  always  been  my  hobbv.  It  is  not  quite 
agreed  yet  amongst  all  the  engineers  what  should  be  charged  to 
an  alternator  as  hysteresis  loss,  whether  the  loss  corresponding  to 
the  terminal  voltage  or  the  loss  at  a  voltage  corresponaing  to  full 
load  excitation  at  open  circuit  or  some  intermediary  value.  I  es- 
pecially gave  attention  to  this  feature  and  found  that  the  nearest 
approach  to  correctness  is  derived  by  charging  as  loss  the  hyster- 
esis loss  corresponding  to  terminal  voltage  plus  C  li.  It  seems 
to  me  there  may  be  other  points  of  a  similar  nature  where  it 
would  be  liable  for  the  Institute  to  settle  on  something  that  is 
wrong.  So  you  see  we  might  possibly  discuss  methods  of  testing 
before  the  Institute,  or  any  committee,  and  make  some  recom- 
mendations, but  we  cannot  with  certainty  determine  these  me- 
thods of  tests  as  we  should  determine  the  meaning  of  terms,  and 
that  I  think  would  be  the  most  important  work  to  be  taken  up 
by  the  committee  at  first  namely,  to  decide  on  the  meaning  of 
terms  used  in  electrical  engineering. 

Mr.  C.  O.  Mailloux:— I  rise  to  a  point  of  order  and  infor- 
mation. I  think  that  the  present  Committee  on  Units  and  Stan- 
dards is  competent  and  that  it  is  within  its  province  to  take  up 
questions  of  terminology. 

The  Prp:sident: — Mr.  Mailloux  brings  up  the  point  that  we 
have  a  standing  Committee  on  Units  and  Standards,  the  name 
of  which  and  the  history  of  which  would,  I  think,  justify 
his  position  that  the  mere  question  of  conf-idering  terms  and  deii- 
nitions  would  be  taken  up  by  that  committee  and  such  questions 
have  been  considered  by  it  in  tlie  past.  This  was  considered  to 
be  rather  a  new  and  broader  question  than  the  one  now  proposed. 
It  should  be  remembered  that  this  committee  would,  in  any  case, 
report  back  to  the  Institute  for  tinal  action.  Therefore,  the 
work  of  this  commi^ttee  would  simply  be  preliminary  and  subject 
to  revision. 
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Mr.  Max  Ostbrberg  : — It  seems  to  me  that  if  we  should  have 
a  committee  which  would  determine  on  the  general  requirements 
of  all  machinery  as  regards  temperature,  different  kinds  of  effic- 
iency, etc.,  if  we  had  a  committee  to  determine  these  points,  we 
would  necessarily  require  a  definition  on  the  part  of  such  a  com- 
mittee of  what  they  mean  by  the  individual  terms.  How,  for 
example,  they  would  recommend  that  temperature  should  be 
measured  in  order  to  satisfy  the  condition  of  what  they  call  the 
requirement.  It  does  not  fully  bind  all  the  manufacturers  to 
fulfil  those,  but  it  would  certainly  be  one  method  to  go  by  for 
the  manufacturers  in  general  and  for  the  guidance  of  the  con- 
sumer as  to  what  he  ought  to  require,  or  what  he  might  be  en- 
titled to  get.  So  it  seems  to  me  that  since  we  have  a  Committee 
on  Units  and  Standards,  without  treading  on  their  toes  in  any 
way,  we  could  have  a  committee  to  determine  what  the  require- 
ments of  machinery  should  be  and  in  that  way  get  a  direct  dis- 
tinct definition  of  the  terms. 


After  further  discussion  as  to  the  propriety  of  appointing  a 
committee  to  consider  the  question,  the  point  was  raised  that  no 
quorum  was  present.  It  was  then  votea  upon  motion  of  Mr. 
Uamblet,  that  the  whole  matter  be  referred  to  Council,  after 
which  the  meeting  adjourned. 
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Discussion  at  Chicago,  January  26,  1898. 

The  Chairman,  [Mr.  B.  J.  Arnold]  : — Prof.  Stine  has  read 
to  you  the  letters  which  have  been  sent  on  here  from  various  mem- 
bers of  the  Institute  and  others  in  New  York,  calling  our  atten- 
tion to  the  desirability  of  an  action  or  expression  on  the  part  of 
the  American  Institute  of  Electrical  Engineers  regarding  the 
standardization  of  electrical  machinery.  This  is  something 
which  those  of  us  who  are  in  practical  work  are  ready  to  con- 
sider and  see  if  some  standard  can  be  adopted.  The  electrical 
manufacturers  of  to-day,  in  fact,  are  endeavoring  to  lind  out  from 
engineers  and  purchasers  of  electrical  machinery  what  their 
ideas  and  desires  are  as  to  the  heating  limits  of  the  machinery. 
In  fact,  one  of  the  largest  manufacturers  of  electrical  machinery 
has  sent  a  representative  throughout  the  country,  calling  upon 
the  principal  engineers,  and  getting  their  ideas  as  to  what  tney 
thought  these  limits  should  be,  and  I  have  no  doubt  but  that 
others  are  doing  the  same  thing.  Therefore  there  seems  to  be  a 
great  desire  on  the  part  of  the  manufacturers  and  certainly  on 
the  part  of  the  purchasers  and  engineers  to  have  some  such 
Btanaard  which  will  be  recognized,  as  a  standard. 

Mr.  Meyer  : — I  think  that  a  standard  in  any  line  of  machines 
is  certainly  a  very  necessary  thing.  For  instance,  in  machine 
shop  practice  and  in  electrical  apparatus  as  well,  there  must  be 
some  uniformity.  In  dynamos  it  is  a  good  thing  to  have  all 
shafts  of  the  same  size  and  diameter,  which  could  be  used  in 
different  machines.  In  case  of  a  breakdown,  if  there  is  but  one 
shaft,  it  could  only  be  used  for  the  machine  for  which  it 
was  originally  made.     If  any  standard  is  made,  it  would  be  of 

i^reat  benefit.  The  necessity  of  standardizing  this  particular 
ine  has  been  recognized  by  many  who  use  the  apparatus  and  by 
the  makers  as  well,  for  the  latter  have  to  carry  a  larger  stock 
and  invest  heavily  in  machines  to  make  apparatus,  as  well  as  in 
ready  made  parts,  to  supply  orders  on  short  notice.  Outside  of 
dynamos,  I  snould  think  some  standardization  would  be  necessary, 
as  well  as  instruments  not  so  essential  as  dynamos,  because  in- 
struments are  usually  less  expensive  than  laree  dynamos.  For 
arc  lamps  or  incandescent  lamps  I  should  think  there  would  not 
be  so  much  standardizing  required,  for  the  lamps  are  now  usually 
of  the  same  voltage  and  candle  power. 

Mr.  J.  R.  Cravath  : — As  I  understand  the  subject,  it  is  to 
consider  the  subject  of  standardizing  the  rating  of  apparatus,  not 
the  form  of  the  apparatus  itself.  We  all  realize  that  some  stan- 
dards are  needed.  The  only  question  is,  what  standards  {  It 
does  not  make  a  great  deal  of  difference  what  standards  are 
adopted,  so  that  it  is  perfectly  understood  what  those  standards 
are.  At  present  we  are  all  at  sea  as  regards  to  what  the  heating 
limit  of  a  machine  should  be,  and  how  it  should  be  measured, 
and  if  we  can  come  to  some  conclusion  or  arrive  at  some  proper 
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definition  as  to  what  these  heating  limits  are,  we  have  made  a 

treat  step  in  advance.  The  manufacturing  concerns  want  it,  I 
now.  We  need  a  standard  now  perhaps  more  in  the  railway 
field  than  in  any  other  as  is  shown  by  the  great  frequency  with 
which  some  manufacturers  of  electric  railway  motors  change 
their  methods  of  nomenclature  in  the  attempt  to  get  some  way 
of  rating  more  satisfactory  to  maker  and  customer.  If  however 
the  Institute  can  formulate  some  standards  for  all  to  go  by,  the 
difficulty  immediately  disappeai-s  for  it  is  only  because  of  a  lack 
of  understanding  as  to  how  ratings  are  to  be  made  that  these 
differences  exist. 

Mb.  Hickok: — Taking  up  the  points  for  discussion  in  the 
order  in  which  they  are  outlined  on  the  black-board,  let  us  first 
consider  the  proper  and  safe  heating  limits  for  dynamos  and 
motors.  For  a  machine  working  under  normal  condition,  the 
temperature  rise  above  the  surrounding  air  should  never  exceed 
80°  Fah.  on  the  armature  core,  100°  Fah.  on  the  commutator, 
and  75°  Fah.  on  the  field  coils,  these  temperatures  being  taken 
by  applying  thermometers  to  the  outside  of  these  parts.  Stan- 
dard specifications  should  give  these  heating  limits  after  a  con- 
tinuous run  of  ten  hours  at  the  rated  capacity  of  the  machine. 

Requirements  for  the  sparkless  range  of  tne  average  machine 
should  be  that  it  should  stand  a  change  of  load  from  no  load  to 
full  load  without  any  sparking  at  the  brushes,  they  being  fixed 
at  the  same  position  throughout  the  entire  range. 

Various  engineers  have  their  hobby  as  to  what  they  consider 
the  amount  of  overload  a  machine  should  stand  safely,  but  I 
think  that  any  dynamo  or  motor  should  be  capable  of  being 
operated  continuously  for  three  hours  at  25^  overload,  or  for  one 
hour  at  hO%  overload,  without  causing  any  injurious  effect. 

\\\  regard  to  the  question  of  power  rating,  it  is  generally  un- 
derstood that  dynamos  should  always  be  rated  in  kilowatts,  and 
never  in  horse  power,  although  the  latter  tenn  dues  occasionally 
creep  In. 

ilotors  should  always  be  rated  in  horse  power,  as  that  seems  to 
be  the  most  natural  term  for  mechanical  power,  and  the  common 
formulas  for  work  to  be  performed  have  n.  p.  for  the  unknown 
quantity. 

If  specifications  are  to  definitely  state  what  the  insulation  re- 
sistance of  any  machine  shall  be,  I  should  think  that  a  require- 
ment of  not  less  than  one  megohm  would  be  sufficiently  rigid  for 
the  average  110,220,  or  500- volt  dynamo  or  motor. 

Mr  George  A.  Damon  : — That  standard  requirements  for  the 
manufacture  of  electrical  apparatus  would  be  desirable,  is  very 
well  brought  out  by  the  tests  which  we  recently  made  upon  two 
100  K.  w.  multipolar  generators  of  the  most  modern  types,  but  of 
different  makes.  One  was  a  belted  machine  running  at  600  turns 
per  minute ;  the  other  was  direct  connected  to  a  high  speed  en- 
gine.    The  belted  machine  after  a  run  of  six  hours  under  full 
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load  had  a  temperature  in  no  part  higher  than  104®,  less  than  30*^ 
above  that  of  tne  surrounding  atmosphere,  while  on  the  other 
hand  the  direct  connected  generator  showed  a  rise  in  temperature 
of  over  90°  after  it  had  been  running  for  the  same  length  of 
time.  One  dynamo  was  certainly  capable  of  standing  an  over- 
load of  25  per  cent,  for  a  number  of  hours,  while  the  other 
generator  was  working  at  about  its  safe  limit.  Both  machines 
were  accepted,  but  it  is  plain  that  one  purchaser  got  a  far  better 
machine  than  did  the  otner. 

In  regard  to  the  heating : — The  specification  which  a  few  years 
ago  placed  a  limit  of  75°  Fah.  rise  in  temperature  upon  genera- 
tors was  considered  severe,  now  it  is  ordinary  practice,  and  I 
believe  we  have  reached  a  point  where  we  may  ask  the  manu- 
facturer6  to  be  liberal  with  their  ratings.  The  overload  require- 
ments influence,  of  course,  the  permissible  heating  limits,  and 
should  be  standardized  as  far  as  possible  at  the  same  time.  The 
engineer,  who  recently  specified  a  machine  of  a  certain  capacity 
which '' should  be  capable  of  standing  a  continuous  overload  of 
60  per  cent."  at  least  did  something  to  help  along  this  move- 
ment. 

Standard  specifications  should  not  only  state  the  requirements, 
but  should  accurately  describe  the  tests  to  which  it  is  proposed  to 
subject  the  apparatus  in  order  to  ascertain  whether  or  not  it  ful- 
fils the  terms  of  the  specifications.  It  is  fully  as  important  a 
matter  to  modify  the » methods  of  making  tests  upon  electrical 
apparatus,  as  it  is  to  standardize  the  requirements  under  which 
it  is  manufactured.  It  is  not  an  unusual  thing  for  engineers  to 
prepare  long  and  elaborate  specifications  for  electrical  machinery 
and  then  turn  around  and  accept  it  after  only  a  few  crude  tests 
or  perhaps  none  at  all.  Take  the  matter  of  efliiciencies  for  in- 
stance. We  like  to  write  in  our  specifications,  04J^,  94%  and 
^Zfc  as  the  requirements  for  the  commercial  efficiency  of  our 
generators  at  full,  three  quarter,  and  half  load,  but  how  many  of 
as  are  ever  quite  sure  that  we  get  what  we  call  for  ?  I  find  the 
literature  upon  commercial  efficiency  tests  very  incomplete. 
Efficiency  curves  are  published  now  and  then  by  manufacturers 
and  others,  but  seldom  are  they  accompanied  by  any  indication 
of  the  method  by  which  they  were  obtained.  1  find  that  even 
large  manufacturers  are  dissatisfied  with  the  accuracy  of  the  re- 
sults of  their  eflSciency  tests,  and  there  seems  to  be  no  unanimity 
of  opinion  in  regard  to  the  best  method  to  be  used.  Besides  a 
few  laboratory  methods  which  are  not  commercially  practicable, 
we  have  the  llopkinson  method,  the  stray  power  method,  the  in- 
dicator method,  and  now  comes  a  new  method  called  the  Routin 
method.  But  we  know  most  of  these  methods  are  based  more  or 
less  upon  certain  assumptions  and  are  therefore  liable  to  be  incor- 
rect. In  the  Uopkinson  method  we  assume  that  the  motor  and 
generator  have  the  same  efficiency,  whereas  to  operate  the  gen- 
erator at  full  load  it  is  necessary  to  overload  the  other  machine 
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which  is  running  as  a  motor.  lu  the  stray  power  method  we 
assume  that  the  loss  in  the  armature  when  the  machine  is  running 
itself  as  a  motor  with  no  load,  is  the  same  as  when  the  generator 
is  operating  fully  loaded,  while  in  the  indicator  method  we  must 
necessarily  assume  that  the  loss  by  friction  in  both  the  engine  and 
generator,  as  obtained  in  a  rather  uncertain  way  from  the  friction 
cards,  remains  constant  at  all  loads.  The  question  is,  how  accu- 
rate are  these  various  methods  and  how  will  results  by  the  differ- 
ent methods  compare?  It  strikes  me  that  a  series  of  tests  upon 
the  same  machines,  under  identical  conditions,  by  the  various 
methods,  would  be  of  value.  Our  Englewood  and  Chicago  plant 
and  the  Chicago  Board  of  Trade  plant  are  admirably  adapted  for 
this  purpose.  In  these  plants  the  engines  and  generators  are 
connected  by  means  of  the  "  Arnold  system  "  go  that  it  would  be 
an  easy  matter  to  disconnect  the  generators  from  the  engines 
and  run  any  one  as  a  motor,  either  independently  or  connected  to 
another  machine.  As  both  plants  are  provided  with  storage 
batteries  it  would  be  comparatively  easy  to  measure  the  power 
reouired  to  make  up  the  losses  in  the  manner  provided  for  in 
eitner  the  Hopkinson,  stray  power,  or  Routin  methods,  and  I 
hope  to  be  able  to  obtain  some  data  along  this  line.  One  of  our 
prominent  technical  schools  has  its  campus  lighting  plant  connec- 
ted by  means  of  the  "  Arnold  system  "  and  a  larfi:e  builder  of 
dynamo  electric  machinery  is  planning  a  testing  table  along  the 
same  lines,  so  that  it  is  possible  to  obtain  accurate  information  as 
to  the  relative  limitations  and  possibilities  of  the  various  commer- 
cial systems  of  testing.  It  would  be  well  then  to  accompany  our 
standard  specification  efficiencies  with  a  detailed  account  of  at 
least  one  oi  the  most  reliable  methods,  if  any  such  are  found,  and 
the  same  can  be  said  of  the  tests  which  should  be  provided  for 
the  heating  limits  and  the  sparking,  insulation  and  overload 
reouirements. 

Pkof.  Stine: — The  proposition  that  there  should  be  an  at- 
tempt made  to  establish  certain  standards  governing  the  drafting 
of  specifications  for  the  construction  and  operaticm  of  electrical 
apparatus,  is  meeting  with  such  general  favor  that  it  argues  a  de- 
ciaed  need  for  such  things.  The  manufacturing  companies  have 
long  felt  that  something  should  be  done  towards  freeing  them 
from  burdensome,  and,  at  times,  unjust  or  impossible  require- 
ments which  consulting  engineers  have  imposed  upon  them. 
Recently,  a  set  of  specifications  for  some  transformers  was  sent 
to  certam  manufacturers.  The  guarantee  which  they  demanded 
from  competing  firms  covering  regulation,  core  aging,  efficiency 
and  temperature  of  operation,  were  incapable  of  being  met  in 
the  present  state  of  art,  and  plainly  showed  that  the  engineer 
who  drafted  them  was  not  experimentally  familiar  with  the  sub- 
ject.    It  is  manifestly  unjust  to  ask  for  bids  on  such  a  basis. 

The  desirability  for  standards  governing  construction,  opera- 
tion and  testing  of  electrical  apparatus  is  so  generally  admitted 
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that  it  scarcely  requires  further  argument.  It  is  rather  a  question 
of  agreement  on  a  certain  number  of  points  to  make  a  beginning. 
The  National  Electrical  Code,  recently  adopted,  shows  us  how  to 
go  about  the  matter.  When  iirst  framed,  it  was  exceedingly 
crude  and  incomplete ;  but  anything  was  sufficient  for  a  begin- 
ning, and  the  elaooration  of  the  rules,  as  time  progressed  and  ex- 
penence  widened,  has  been  most  satisfactory. 

In  a  similar  spirit  let  a  beginning  be  made  towards  standard 
specifications.  We  know  a  great  deal  more  about  this  subject 
than  the  insurance  people  did  about  installation  in  the  early  aays 
of  the  code.  We  are,  then,  better  prepaied  for  the  task  and  will 
run  less  chance  of  making  errors. 

No  association  is  so  representative  of  all  interests,  or  contains 
such  a  wealth  of  experience,  ability  and  data  ^  the  Amebicai^ 
Institute  of  Electrical  Engineers.  The  question  of  immediate 
ways  and  means  may  be  left  with  the  Council,  which  in  turn  would 
doubtless  approach  the  subject  through  an  appropriate  committee. 

The  functions  of  the  consulting  engineer  are  interpreted  with 
the  widest  latitude.  In  many  instances  the  consulting  engineer 
attempts  the  duties  and  responsibilities  of  the  designing  engineer. 
But  it  is  not  always  possible  to  separate  these.  The  consulting 
engineer  may  properly  specify  botn  materials  and  design  when  he 
endeavors  to  make  some  particular  combination,  and  the  company 
receiving  the  order  is  so  conservative  as  to  be  behind  the  times. 
Bnt  the  consulting  engineer  is  rarely  in  position  to  specify  design 
and  materials.  He  has-  had  comparatively  little  to  do  with  the 
progress  in  electrical  apparatus.  This  has  come  principally  from 
the  manafacturing  companies,  and  some  few  testing  laboratories 
working  in  co-operation  with  them. 

As  matters  now  stand,  the  consulting  engineer  should  draw  up 
a  detailed  plan  of  what  he  wishes  to  accomplish.  This  should  be 
submitted  to  the  manufacturing  companies  as  the  basis  for  bids. 
They  in  turn  should  then  fully  speciiy  the  design,  construction, 
materials  and  operation  of  the  apparatus  which  they  tender  and 
state  the  guarantees.  The  engineer  may  then  gather  from  the 
competing  specifications  and  bids  the  possibilities  upon  which  he 
may  form  a  final  set  of  specifications.  This  ensures  the  compet- 
ing companies  the  full  use  of  their  experience  in  construction, 
selection  of  materials  and  data  from  tests. 

At  the  present  time,  there  is  opportunity  for  only  a  limited 
number  of  standards  which  shall  govern  the  consulting  engineer 
and  manufacturer  in  the  preliminary  work. 

It  would  be  manifestly  unjust  and  a  prevention  of  progress  to 
adopt  standards  for  induction  value  in  the  iron  circuits  of  dyna- 
mos and  motors,  and  the  cores  of  transformers ;  to  specify  that 
cast  iron  shall  be  used  here,  and  sheet  steel  there,  etc.  Such  mat- 
ters as  these,  and  practically  all  details  of  design,  construction 
and  selection  of  materials  should  be  left  open. 


28  8TANDARDIZIN0  OF  OENERATOUS,  ETC.        J  Jan.  26, 

But  there  is  still  an  opportunity  for  many  standard  require- 
ments ;  these  occur  in  (a)  the  operation  ;  (b)  tlie  testing ;  and  (c) 
the  rating  of  apparatus.  Covering  the  tests  of  apparatus  I  wish 
especially  to  speak.  Specifications  usually  make  quite  a  matter 
of  teinperature  limits  for  diflEerent  portions  of  electrical  appara- 
tus. The  assignment  of  such  limits  would  be  very  properly 
within  the  duties  of  such  a  committee  on  standards.  But  the 
manner  of  testing  whether  the  machine  fulfils  such  require- 
ments ought  to  be  clearly  prescribed.  Every  one  who  has  care- 
fully tested  the  heating  of  transforniers  under  load  knows  that 
a  number  of  different  temperatures  may  be  measured  about 
the  coils  and  core,  depending  upon  the  manner  of  applying  the 
thermometer  and  the  part  wtiere  it  is  inserted.  Here  is  a  real 
necessity  for  a  standard  direction  governing  the  use  of  a  ther- 
mometer in  ascertaining  the  temperature  of  cores,  fields,  wind- 
ings, and  bearing  and  conducting  surfaces. 

The  efficiences  of  apparatus  at  various  loads  is  usually  strongly 
insisted  upon  in  specifications.  Yet  those  who  devote  most  atten- 
tion to  such  tests  know  that  with  the  exception  of  photometric 
tests  they  are  the  least  satisfactory  of  all  electrical  measurements, 
on  account  of  the  uncertainties  in  the  estimation  of  the  power 
applied  to  a  given  translating  device.  Though  specifications  of- 
ten designate  efficiencies  to  a  second  decimal,  they  are  rarely 
measured  within  one  or  two  per  centum,  at  best,  and  more  rarely 
are  engineers  able  to  verify  their  own  specifications  regarding 
efficiency.  It  is  very  desirable  that  a  committee  on  standards 
should  formulate  precise  directions  for  a  determination  of 
eflSciencies. 

So  far  as  dynamo  and  motor  chariacteristics  enter  in  specifica- 
tions, their  determination  should  also  be  specified.  In  the  same 
connection,  the  rating  of  the  output  of  continuous  and  alterna- 
ting current  generators  needs  careful  definition. 

Another  subject  of  great  importance  is  the  specification  of  the 
quality  of  insulating  materials.  Common  practice  states  this  in 
megohms,  presumably  to  be  determined  by  some  galvanometer 
method  for  measuring  high  resistances.  This  is  unjust  to 
the  progressive  manufacturer.  Such  ratings  are  practically 
of  little  value  as  a  guide  to  the  operation  of  the  apparatus. 
No  manufacturer  is  justified  in  reiving  on  a  high  insulation 
resistance,  and  specifications  requiring  this  often  place  the  most 
excellent  apparatus  at  a  disadvantage.  The  only  adequate  test 
of  an  insulation  is  its  dielectric  strength.  As  this  is  usually  tes- 
ted with  a  step-up  transformer,  there  should  be  some  standard 
agreement  governing  the  periodicity  and  perhaps  the  wave  form 
01  the  E.M.  F.  impressed  on  the  insulation;  also  an  accej)ted 
agreement  making  mere  high  resistance  requirements  secondary 
to  those  of  dielectric  strength. 

Mr.  Hickok  : — I  would  like  to  say  a  word  in  regard  to  the  in- 
sulation and  the  breakdown  test.     I  think  we  should  also  include 
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a  definite  insulation  resistance,  for  the  reason  that  I  have  in  mind 
a  certain  instance  of  a  machine  liaving  its  field  coils  wound  with 
tape,  and  although  it  was  submitted  to  the  breakdown  test,  it  had 
no  injurious  effect  upon  the  machine,  yet  its  measured  insulation 
resistance  was  very  low. 

The  customary  rating  of  arc  dynamos  is  in  so  many  lamps,  that 
is,  50,  75,  100,  1 25,  etc.  It  might  be  better  to  rate  tnem  in 
watts. 

Pbof.  Stinb  : — Do  you  consider  it  possible  to-day  to  specify 
the  eflSciency  of  an  arc  machine. 

Mr.  Hickok  : — Yes, it  is  possible  to  measure  it  within  a  fraction 
of  one  per  cent,  with  a  considerable  degree  of  accuracy,  but  such 
an  accurate  test  is  necessarily  an  expensive  one. 

Pkof.  Stine  : — Is  it  possible  to  come  to  any  uniformity  among 
makers  on  the  question  of  efficiency  of  arc  machines  i 

Mk.  Hickok: — Most  makers  guarantee  their  machines,  and 
they  are  frequently  subjected  to  tests.  I  have  several  instances 
in  mind  of  tests  carefully  made  that^ve  very  satisfactory  results. 

Mb.  Abnold  : — If  there  is  nothing  further — no  more  ques- 
tions to  be  asked,  I  would  like  to  make  a  few  statements  as  to 
what  practice  is  followed  in  my  office.  On  the  question  of  heat- 
ing limits  of  generators  we  have  recently  specified  for  some  500 
kilowatt  generators  for  light  and  power  work,  to  be  operated  at 
500  volts,  450  volts,  525  volts,  for  a  certain  station  being  built  in 
this  country,  which  is  somewhat  of  a  novelty,  since  the  voltage 
is  double  what  it  ordinarily  is  in  a  direct  current  station.  There 
are  440  lamps  for  the  outside  mains  and  220  in  the  others. 
These  generators  have  been  specified  pretty  generally. 

The  sparking  limits  are  such  that  the  machines  are  practically 
sparkless  all  the  way  from  no  load  to  50  per  cent,  overload,  with- 
out changing  the  brushes.  We  expect  to  get  that  machine  out. 
In  fact,  it  is  gotten  out  by  a  number  of  manufacturers  to-day.  I 
have  seen  the  generator  manufactured  by  the  company  Mr. 
Damon  speaks  oi,  stand  the  load  from  0  to  50  per  cent,  overload 
without  sparking.  It  is  specified  that  the  generators  shall  not 
flash  when  the  circuit  breaker  is  opened  suddenly  to  50  per  cent, 
overload. 

Pbof.  Stine  : — In  that  same  connection,  do  you  put  in  any 
specification  as  to  the  self-induction  of  the  armature  i 

Mb.  Abnold  : — No.  I  am  after  the  efficiency  under  different 
conditions  of  load.  When  we  come  to  writing  a  practical  speci- 
fication, we  have  no  means  of  determining  that  very  closely. 

These  generators  that  I  have  mentioned  are  not  to  exceed 
these  limits  when  operating  under  the  following  conditions  at 
25  per  cent,  overload  for  two  hours,  33]^  per  cent,  overload  for 
one  hour,  or  50  per  cent,  overload  momentarily.  The  efficien- 
cies we  have  required  are  as  follows : 

At  one  quarter  load 90  per  cent. 

At  one-half  load 93^  •* 

At  three-quarter  load 94i  "      " 

Atoverioad 95     " 
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Such  a  scheme  should  define  the  limits  that  the  generators 
may  have,  and  let  those  limits  be  far  enough  from  the  drooping 
point  on  the  curve  so  that  it  has  a  somewhat  surplus  path  to  go 
over  the  rating.  The  sincere  manufacturers  to-day  are  coming 
close  to  these  figures  which  I  have  given  here.  But  as  we  all 
know,  the  capacity  of  a  machine,  its  kilowatt  output  capacity 
depends  entirely  upon  its  heating  limits.  It  is  a  matter  of  limit- 
ing the  temperature  to  determine  the  capacity  of  the  machine. 

rKOF.  Stine  : — Would  you  say  that  that  would  be  the  only 
limit  or  would  you  find  a  droop  limit  ? 

Mr.  Arnold  : — There  would  be  a  slight  variation  of  voltage 
when  we  get  over  the  drooping  point  on  the  curve.  As  to  how 
much  that  variation  would  be,  I  am  not  lust  at  present  prepared 
to  say.  I  think  it  advisable  to  make  sucn  a  limitation  m  speci- 
fications, or  rather,  a  set  of  recommendations. 

I  also  agree  with  one  of  the  speakers  to  the  effect  that  it  is  not 
advisable  to  specify  sizes  at  all ;  but  it  is  hardly  within  the  scope 
of  this  discussion  t;o  go  into  the  matter  of  sizes,  as  I  understand 
it,  because  we  wish  to  leave  the  matter  of  sizes  to  the  manufac- 
turer. Let  him  accomplish  the  result,  but  give  us  the  thing  we 
ask  for  in  eflSciency,  heating  limits  and  capacity. 

Prof.  Stine: — In  specincations,  I  would  specify  weights, 
areas,  and  velocities,  but  I  would  not  attempt  to  specify  diame- 
ters, lengths  or  strengths.  Possible  the  latter  might  be  con- 
sidered, but  not  the  other  two. 

Mr.  Arnold  : — Another  thing  :  The  only  correct  way  to  get 
the  temperature  of  the  field  is  to  measure  after  or  during  Uie 
test.  It  is  seldom  done,  but  I  believe  it  should  be  done,  instead 
of  trying  to  use  a  thermometer  when  we  only  get  an  approxima- 
tion. Power  rating  should  by  all  means  be  given  in  Kilowatts, 
if  possible.  That  is  the  only  way  to  4o  it.  We  certainly  have 
got  the  generators  in  shape  for  that  basis,  and  in  time  we  will 
measure  engines  in  kilowatts  instead  of  horse-power.  In  meas- 
uring generators  by  horse-power  it  has  to  be  figured  up  in  kilo- 
watts afterward. 

In  our  specifications  we  specify  mica  insulation,  and  seldom 
use  anything  else.  For  a  generator  in  which  anything  but  mica 
is  used,  the  regulations  depend  upon  the  kind  or  work  you  want 
the  machine  to  do.  In  the  machine  I  have  mentioned  the  wind- 
ing should  maintain  the  voltage  at  500  without  the  assistance  of 
the  series  winding. 

Prof.  Stine  : — You  mean  to  say  up  to  full  load  ?  With  what 
range  in  the  rheostat  ? 

Mr.  Arnold  : — The  rheostat  controls  from  400  to  500  volts. 
I  do  think  this  question  is  one  of  the  most  important  which  has 
come  before  the  Institute  since  my  membership  in  it,  and  it 
ought  to  be  taken  hold  of  in  some  kind  of  intelligent  manner, 
and  see  if  some  result  cannot  be  obtained  which  will  bring  the 
purchaser,  the  engineer  and  the  manufacturer  on  some   basis 
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where  they  can  agree,  and  not  have  the  constant  argument  which 
we  have  to-day  as  to  how  a  machine  ought  to  be  rated.  If  there 
was  a  plan  which,  in  the  combined  judgment  of  the  beet  thought 
in  this  line  in  the  country,  it  woula  relieve  a  great  many  of  the 
embarrassing  conditions  which  now  exist. 

Mr.  Hiokok  : — There  is  always  a  question,  when  the  subject 
of  efficiency  comes  up,  as  to  just  what  the  term  "  efficiency  " 
means.  Some  engineers  include  with  the  engine  losses  the  entire 
friction  of  the  revolving  parts,  and  also  the  friction  of  the  brushes 
on  the  commutator,  thus  giving  to  the  dynamo  an  apparently 
high  efficiency.  I  think  specifications  should  define  more  partic- 
ularly what  is  meant  by  this  word. 

[Adjourned.] 
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[Communicated  after  Adjoubnmejit  by  Charles  F.   Soott.] 


The  desirability  of  aniformity  in  ratings  and  specifications  of 
electrical  apparatus  to  consumer,  consulting  engineer  and  manu- 
facturer, would  be  obvious  to  anyone,  but  tneir  full  advantage  is 
best  appreciated  by  those  who  suffer  from  the  difficulties  and 
confusion  which  now  exist. 

As  an  example,  the  rating  of  an  alternating  current  generator 
may  be  mentioned.  Suppose  a  generator  of  100  k.  w.  at  1,000 
volts  is  to  be  used  for  operating  motors  which  have  a  power  fac- 
tor of  90  per  cent.,  a  "  100-k.  w."  generator  may  mean  : 

(1)  One  which  can  deliver  100  k.  w.  to  non-inductive  circuits, 
such  as  for  incandescent  lighting. 

(2)  One  which  can  deliver  100  amperes  at  1,000  volts  at  a 
power  factor  of  90  per  cent.  The  true  output  in  power  is  only 
900  K.  w.,  while  the  tax  upon  the  machine  is  considerably  greater 
for  delivering  this  current  at  1,000  volts  to  an  inductive  load,  as 
the  field  current  must  be  notably  increased  on  account  of  the  re- 
action on  the  field  caused  by  the  lagging  armature  current. 

(3)  One  which  can  deliver  100  k.  w.  of  true  energy  to  circuits 
having  a  90  per  cent,  power  factor.  The  current  required  is  111 
amperes,  and  as  the  power  factor  is  90  per  cent.,  the  tax  upon 
the  machine  is  considerably  greater  than  it  would  be  if  this  cur- 
rent were  delivered  to  a  non-inductive  load. 

These  three  performances  require  machines  differing  in  capacity 
and  represented  by  machines  which  can  give  approximately  100^ 
110  and  120  k.  w.  to  non-inductive  circuits. 

The  fact  that  these  characteristics  of  alternators  are  not  gener- 
ally and  correctly  understood,  makes  the  matter  of  interpretation 
of  indefinite  specifications  all  the  more  difficult. 

While  it  is  desirable,  it  is  not  as  essential  to  have  absolute  scien- 
tific accuracy  in  all  of  the  definitions  as  it  is  to  have  definite 
definitions  of  capacity  and  performance,  and  definite  methods  of 
testing  which  are  mutually  understood. 

As  a  representative  of  a  manufacturing  concern,  I  urge  that 
the  Institute  carry  to  completion  the  good  work  which  it  has 
begun. 

Pittsburgh.  April  2nd,  1898. 


THE  AMERICAN  INSTITUTE  OF  ELECTRICAL 

ENGINEERS. 


New  York,  Febniary  23d,  1898. 

The  122nd  meeting  of  the  Institute  was  held  this  date  at  12 
West  3l8t  Street,  and  was  called  to  order  by  President  Crocker 
at  8:20  P.  M.  'H^ 

The  Secretary  announced  that  at  the  meeting  of  the  Executive 
Committee  in  the  afternoon  the  following  associate  members 
were  elected : 

Name.  Address.  Endorsed  by 

Bboili,  Frank  Electrical  Engineer,  California  Eleo.     W.  F.  C.  Hasson. 

Works  ;  residence,  828  Geary  St.,    Wynn  Meredith. 
San  Francisco,  Cal.  K.  G.  Dunn. 

LiBBY»  Samuil  Bt-    Supt.  N.  Y.  &  S.  I.  Electric  Co.,    Chas.  J.  Bogue. 
INOTON  West  New  Brighton,  N.  Y,  W.  G.  Whitmore, 

Ralph  W.  Pope. 

Louis,  Otto  T  Manager    of    New  York    Branch.    Wm.  A.  Anthony. 

Queen  &  Co.  Inc. ;  residence,  840    James  Hamblet. 
East  119th  St.,  New  York  City.    Samuel  Sheldon. 

MoBTLAND,  Jambs  A.  Prof,  of  Physics,  Faculty  State  Nor-    Ralph  W.  Pope. 

mal   School,    2503    Walnut   St.,    Wm.  J.  Hammer. 
Cedar  Falls,  Iowa.  Wm.  Maver,  Jr. 

ScHUM,  Chas.  H.        Electrical  Engineer,  Ideal  Electric    F.  A.  LaRoche. 

Corp.,  210  Third  Ave.,  New  York    R.  W.  Pope. 
City.  H.  J.  Ryan. 

Sbdowick,  C.  E.         Agent   at    San     Francisco    Office,    J.  A.  Lighthipe. 

General  Electric  Co.,  15  First  St.,    Wynn  Meredith, 
residence,  Berkeley,  Cal.  F.  F.  Barbour. 

TRANSFERRED  FROM  ASSOCIATE  TO  FULL  MEMBERSHIP. 


Approved  by  Board  of  Examiners,  Jan.  12th,  1898. 
QoLTZ,  William         Milwaukee,  Wis. 

The  President: — The  next  business  is  the  paper  of  this 
ereninff,  "  Single  Phase  Induction  Motor,"  and  I  will  call  upon 
the  author,  Mr.  Charles  ISteinraetz,  to  present  it. 

Mr.  Steinmetz  read  the  following  paper : 
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A  Pa^tr  presented  at  the  Hid  Meetings  of  the 
American  Institute  of  Electrical  Engineers^ 
New  York^  February  tjd^  i9q3,  i*resident 
Crocker  in  the  Chair. 


SINGLE  PHASE  INDUCTION  MOTOR. 


BY  CHARLES  PROTEUS  STEINMETZ. 


§.  1.     Load  and  Speed  Curves  of  Single  Phase 

Induction  Motor. 


In  the  polyphase  motor  a  number  of  secondary  coils  displaced 
in  position  from  each  other,  are  acted  upon  by  a  number  of 
primary  coils  displaced  in  position  and  excited  by  e.  m.  f.'s  dis- 
placed in  phase  from  each  other  by  the  same  angle  as  the  dis- 
placement of  position  of  the  coils. 

In  the  single  phase  induction  motor  a  system  of  armature  cir- 
cuits is  acted  upon  by  one  primary  coil  (or  a,  system  of  primary 
coils  connected  in  series  or  in  parallel)  excited  by  a  single  alter- 
nating current. 

A  number  of  secondary  circuits  displaced  in  position  must  be 
nsed  so  as  to  oflfer  to  the  primary  circuit  a  short-circuited  second- 
ary in  any  position  of  the  armature.  If  only  one  secondary  coil 
is  used,  the  motor  is  a  synchronous  induction  motor  and  belongs 
to  a  different  class,  the  reaction  machines. 

A  single-phase  induction  motor  will  not  start  from  rest,  but 
when  started  in  either  direction  will  accelerate  with  increasing 
torque  and  approach  synchronism. 

When  running  at  or  very  near  synchronism,  the  magnetic 
field  of  the  single-phase  induction  motor  is  identical  with  that  of 
the  polyphase  motor.  That  is,  the  magnetic  field  has  the  same 
intensity  in  every  direction,  but  is  displaced  in  phase  progressively, 
and  can  be  represented  by  the  theory  of  the  rotating  field.  Thus 
in  a  turn  wound  at  right  angles  to  the  primary  winding  of  the 
single-phase  induction  motor,  at  synchronism  an  e.  m.  f.  is  in- 
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duced  equal  to  that  induced  in  a  turn  of  the  primary  winding,  but 
differing  therefrom  by  90°  in  phase. 

In  a  polypliase  motor  the  magnetic  flux  in  any  direction  is  due 
to  the  resultant  m.  m.  f.  of  primary  and  of  secondary  currentf^,  in 
the  same  way  as  in  a  transformer.  The  same  is  the  case  in 
the  direction  of  the  axis  of  the  exciting  coil  of  the  single  phase 
induction  motor.  In  the  direction  at  right  angles  to  the  axis  of 
the  exciting  coil,  however,  the  magnetic  flux  is  due  to  the  m.  m.  f. 
of  the  armature  currents  alone,  no  primary  e.  m.  f.  acting  in  this 
direction. 

Consequently,  while  in  the  polyphase  motor  running  light, 
that  is  doing  no  work  whatever,  the  armature  becomes  current- 
less,  and  the  primary  currents  are  the  exciting  current  of  the 
motor  only,  in  the  single- phase  induction  motor,  even  when  run- 
ning light,  the  armature  still  carries  the  exciting  current  of  the 
magnetic  flux  in  quadrature  with  the  axis  of  the  primary  exciting 
coil.  Since  this  flux  has  the  same  intensity  as  the  flux  in  the  di- 
rection of  the  axis  of  the  primary  exciting  coil,  the  current  in 
the  armature  of  the  single-phase  induction  motor  running  light, 
and  therefore  also  the  primary  current  corresponding  thereto,  has 
the  same  m.  m.  f.,  that  is,  the  same  intensity  as  the  primary  ex- 
citing current,  and  the  total  primary  current  of  the  single-phase 
induction  motor  running  light  is  thus  twice  the  exciting  current ; 
that  is,  it  is  the  exciting  current  of  the  main  magnetic  flux  plus 
the  current  inducing  in  the  armature  the  exciting  current  of  the 
cross  magnetic  flux.  In  the  armature  or  secondary,  this  exciting 
current  is  a  current  of  twice  the  primary  frequency. 

ThuQ,  if  in  a  quarter-phase  motor  running  light,  one  phase  is 
open  circuited,  the  current  in  the  other  phase  doubles.  If  in  the 
three-phase  motor  two  phases  are  open  circuited,  the  current  in 
the  third  phase  trebles,  since  the  resultant  m.  m.  f.  of  a  three- 
phase  machine  is  1.5  times  that  of  one  phase.  In  consequence 
hereof,  the  total  volt-ampere  input  of  the  motor  remains  the 
same,  and  at  the  same  magnetic  density,  or  the  same  impressed 
E.  M.  F.,  all  induction  motors,  single- phase  as  well  as  poly{)hase, 
consume  approximately  the  same  volt-ampere  input,  and  the 
same  power  input  for  excitation,  and  give  the  same  distribution 
of  magnetic  flux. 

Since  the  maximum  output  of  a  single-phase  motor  at  the  same 
impressed  e.  m.  f.  is  considerably  less  than  that  of  a  polyphase 
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motor,  it  follows  herefrom  that  the  relative  exciting  current  in 
the  single-phase  motor  must  be  larger. 

The  cause  of  this  cross  magnetization  in  the  single-phase  in- 
duction motor  near  synchronism  is  that  the  induced  armature 
currents  lag  9'»°  behind  the  induced  magnetism,  and  are  carried 
by  the  synchronous  rotation  9'>°  in  space  before  reaching  their 
maximum,  thus  give  the  same  magnetic  effect  as  a  quarter-phase 
E.  M.  F.  impressed  upon  the  primary  system  in  quadrature  posi- 
tion with  the  main  coil,  and  can  be  eliminated  by  impressing  a 
magnetizing  quadrature  e.  m.  f.  upon  an  auxiliary  motor  circuit 
as  dune  in  the  monocyclic  motor. 

Below  synchronism,  the  induced  armature  currents  are  carried 
less  than  90°,  and  thus  the  cross-magnetization  due  to  them  is 
correspondingly  reduced,  and  becomes  zero  at  standstill. 

The  torque  of  an  induction  motor  is  proportional  to  the  arma- 
ture energy  currents  times  the  intensity  of  magnetic  flux  in  quad- 
rature position  thereto.  Thus  in  the  polyphase  motor,  where  the 
magnetic  flux  is  constant  in  all  directions  at  all  speeds,  and  pro- 
portional to  the  counter  e.  m.  f.  ^,  the  torque  is 

In  the  single-phase  induction  motor,  the  armature  energy  currents 
/i  can  flow  only  coaxial  with  the  primary  coil  as  the  only  posi- 
tion in  which  corresponding  primary  currents  exist.  The  mag- 
netic flux  in  quadrature  position  is  proportional  to  the  com- 
ponent e  carried  in  quadrature,  or  approximately  to  (1 — 8)  c^  and 
the  torque  is  thus, 

T=^(\  —  8)eU 
thus  decreases  much  faster  with  decreasing  speed,  and  becomes 
zero  at  standstill.    The  power  is  then, 

P  =  (1  — «)2^/,. 

Since  in  the  single-phase  motor  one  primary  only,  but  a  multi- 
plicity of  secondary  circuits  exists,  all  secondary  circuits  are  to 
be  considered  as  corresponding  to  the  same  primary  circuit,  and 
thus  as  the  secondary  impedance  is  to  be  used  the  joint  imped- 
ance of  all  secondary  circuits.  Thus,  if  the  armature  has  a 
quarter-phase  winding  of  impedance  Z^  per  circuit,  the  resultant 

secondat^y  impedance  is  — ,  if  it  contains  a  three-phase  winding 
of  impedance  Z^  per  circuit,  the  resultant  secondary  is  -^ 
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In  consequence  hereof  the  resultant  secondary  impedance  of  a 
single-phase  motor  is  less  in  comparison  with  the  primary  im- 
pedance than  in  the  polyphase  motor.  Since  the  drop  of  speed 
under  load  depends  upon  the  secondary  resistance,  in  the  single- 
phase  induction  motor  the  drop  in  speed  at  load  is  generally  less 
than  in  the  polyphase  motor.  This  greater  constancy  of  speed 
of  the  single-phase  induction  motor  has  led  to  the  erroneous  opin- 
ion that  such  a  motor  operates  at  synchronism,  while  in  reality 
even  at  no  load  whatever  it  cannot  approach  perfect  synchronism. 

The  further  calculation  of  the  single-phase  induction  motor  is 
identical  with  that  of  the  polyphase  induction  motor,  as  given  in 
my  former  paper  on  the  polyphase  induction  motor.^ 

In  general,  no  special  motors  are  used  for  single- phase  circuits, 
but  polyphase  motors  adapted  thereto.  An  induction  motor 
with  one  primary  winding  only,  could  not  be  started  by  a  phase- 
splitting  device,  and  would  necessarily  be  started  by  external 
means.  A  polyphase  motor,  as  for  instance  a  standard  three- 
phase  motor  operating  single  phase,  by  having  two  of  its  termin- 
als connected  t©  the  single-phase  mains,  is  just  as  satisfactory  a 
single-phase  motor  as  one  built  with  one  primary  winding  only. 
The  only  diiference  is  that  in  the  latter  case  a  part  of  the  cir- 
cumference of  the  primary  structure  is  left  without  winding, 
while  in  the  polyphase  motor  this  part  contains  windings  also, 
which,  however,  are  not  used,  or  not  effective  when  running  as 
single-phase  motor,  but  are  necessary  when  starting  by  means  of 
displaced  e.  m.  f.'s.  Thus  in  a  three-phase  motor  operating  from 
single  phase  mains,  in  starting,  the  third  terminal  is  connected  to 
a  phase-displacing  device,  giving  to  the  motor  the  cross-magneti- 
zation in  quadrature  to  the  axis  of  the  primary  coil,  which  at 
speed  is  produced  by  the  rotation  of  the  induced  secondary  cur- 
rents, and  which  is  necessary  for  producing  the  torque  by  its 
actions  upon  the  induced  secondary  energy  currents. 

Thus  the  investigation  of  the  single-phase  induction  motor  re- 
solves itself  into  the  investigation  of  the  quarter-phase  or  three- 
phase,  or  in  general  polyphase  motor  operating  on  single-phase 
circuits. 

If  in  a  quarter-phase  motor,  or  motor  with  two  primary  cir- 
cuits in  quadrature, 

Y^  =  g^  +^5*  =  primary  exciting  admittance  per  circuit. 
1.    Transactions,  vol.  xiv,  p.  175.  (May  issue  ) 
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the  same  motor  operating  as  single-phase  motor  on  one  primary 
circuit  has  the  primary  admittance, 

Since  the  total  volt-ampere  and  power  input  when  running  light 
are  the  same,  as  seen  before. 

In  the  same  way  in  the  three-phase  motor,  or^motorwith  three 
primary  circuits  if, 

Y"  =-  g"  '{'jh''  =  primary  exciting  admittance  per  circuit, 
the  same  motor  operated  as  single-phase  motor  has  the  primary 
admittance : 

t=ZY''  =  g+jb. 

The  primary  impedance  is  that  of  the  circuits  used  when  running 
single  phase. 

The  secondary  impedance  is  the  resultant  impedance  of  all 
secondary  circuits,  reduced  to  the  primary  by  the  ratio  of  turns, 
since  all  secondary  circuits  correspond  to  one  and  the  same 
primary  circuit  in  the  single-phase  motor.  Thus  if  Zi  =  r^  — 
j  x^  =  secondary  impedance  per  circuit  of  a  motor  with 
quarter-phase  secondary,  or  secondary  of  two  circuits  in  quadra- 
ture, the  secondary  impedance  of  the  same  motor  on  single-phase 
circuit  is, 

Zi  =  i  Zi»  =  r^  —j  a?i. 

If  Z/  =  r/  — j  x"  =  secondary  impedance  per  circuit,  of 
a  motor  with  three-phase  secondary  reduced  to  the  primary,  the 
secondary  impedance  of  the  same  motor  on  single  phase  circuit  is^ 

Zi  =  J  Z"  =  r,  —j  a?i. 

Or  in  general,  in  a  motor  with  quarter-phase  secondary,  the^ 
secondary  impedance  is  halved ;  in  a  motor  with  three-phase 
secondary,  reduced  to  J,  since  the  total  secondary  winding  cor- 
responds to  one  primary  winding.  Thus  the  slip  is  less  in  the 
single-phase  motor. 

In  diagrams  Figs.  1,  2,  3,  4  and  .5,  the  load  curves  of  five  typical 
single  phase  induction  motors  are  shown. 

These  motors  are  identical  with  the  five  typical  polyphase 
motors  shown  as  Figs.  3,  4,  5,  0,  and  7  of  my  previous  paper^  on 
the  polyphase  induction  motor,  and  their  constants,  are  abstracted 
on  Table  I.  of  my  previous  paper,  under  Xi,  Xa,  \s,  X4,  and  Xs 
on  three-phase  circuit,  under  XiS  X  ^S  X  sS  X  iS  Xs^  of  this 
table  as  single-phase  motor. 

1.    Transactions,  vol.  xiv,  p.  175,  (May  issue.) 
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Tbese^moton  are : 

Thkib-Phask,  pbb  ciKcarr;  Smau-PHASB. 

Ist — All  aroTind  good  motor : 

r  =  .01  +  .1  j,  r  =  .08  +  .3j, 

Z  =  .1  —  .Zj,  2i  =  .1  —  .Zj, 

or:  Z,  =  .033+  AJ, 

d   =  6.36,  &  =  12.7  J, 

^    =  10.0  ;9   =  10.0, 

r    =  31.6,  r    =  31.6. 

Fig.  3.  Fig.  I. 

2nd. — Digb  resistance  motor: 

r=  .01  +  Aj,     r  =  .03  +  .3  J, 

Z  =  .2  —  .9  J,  Z;,  =  .2  —  .2  J, 

or:  Z,  =.067  — .ly, 

^  =  7.26,  ^   =  14.52, 

fi   =  10.0,  )9   =  10.0, 
7"    =  55.4,  ;-   =  55.4. 

Fig.  4.  Fig.  2. 
8rd. — High'resistance  and  high  admittance  motor : 

r  =  .04  +  Aj,        F=  .12  +  1.2^, 

Z    =  .3  —  .3^,  Zo  =  .3  —  .Zj, 

or :  Zi  =  .1  —  .1  j, 

d    =  34.2,-  I?    =  68.4, 

^    =  10.0,  /9    =  10.0, 

J-    =  70.7,  r    =  '70-7. 

Fig.  5.  Fig.  3. 
4th.— High  reactance  motor: 

Y=   044  +  ij,  I        {  r=  .02  +  .2/     r  =  .06  +  .6^, 

Z  =  05  —  .3       \-      \Z  =  A  —  .6j,  Zo=  A—  .6j, 

or:  Zi  — .033  — .2^, 

e  =  24.44,  d  =  48.88, 

j9   =  10.0,  )9  =  10.0,     . 

r    =  16.4,  r   =  16.4. 

Fig.  6.  Fig.  4. 
5th. — High  susceptance  motor : 

r  =  .02  +  4^,    r  =  .06  +  1.2  i, 

Z  =  .1  —  .3j;.  Zi  =  .1  — .3;, 

or :  Z,  =  .033  +  .1  j, 
i5>   =  25.35,  r?  =  50.7, 

;?  =  5.0,  ^  =  .5.0, 

r   =  31.6,  r  =  31.6. 

Fig.  7.  Fig.  5. 
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That  is,  the  three-phase  raotore  Xi,  Xj,  Xa,  X4.  X«  operated 
from  a  sinf^le^phaee  circuit  give  the  constante  shown  noder  X  i\ 
Xs'i  Xj',  Xi,  Xi'.  The  primary  admittance  is  increased  three- 
fold, the  priirary  impedance  remains  the  game,  and  the  secondary 
impedunee  is  decreased  to  J. 
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Since  in  a  sing'le-phase  motor  the  primary  im|>e<lance  and  the 
secondary  impedance  ere  generally  very  different,  the  approxi- 
matiun  Z^  =  Z^  can  no  longer  be  made,  and  in  deriving  the 
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characteristic  constant  &  and  the  power  factor  y^  the  average  of 
primary  and  secondary  impedance  is  used. 

z  =  2„  +  z,  =  ri+i:!-i  ^L+^. 

The  average  impedance  is  |,  the  primary  admittance,  three 
times  that  of  the  three-phase  motor,  thus  the  characteristic 
constant  ?>  is  doubled. 

The  same  result  applies  to  quarter-phase  or  any  other  poly- 
phase motors. 

That  is:  An  induction  motor  operated  on  single-phase  circuit 
gives  twice  the  characteristic  constant  <?,  but  the  same  power 
factors  j9  and  y  as  the  same  motor  operated  on  polyphase  circuit. 
The  discussion  in  my  previous  paper  on  the  effect  of  the  con- 
stants t?,  ^,  y  on  the  behavior  of  the  polyphase  motor  essentially 
applies  to  the  single-phase  motor  also. 

Obviously,  if  the  power  factor  of  the  secondary  is  different 
from  that  of  the  primary,  the  constant  x  will  be  modified  by  the 
change  to  single-phase.  Thus  with  high  resistance  secondary, 
where  the  power  factor  of  the  secondary  is  higher  than  that  of 
the  primary,  on  single  phase  circuit  the  resultant  power  factor  y 
is  lower  than  on  polyphase  circuit. 

The  differences  in  the  L»ad  curves  of  the  induction  motor  on 
single-phase  and  on  polyphase  circuit,  are  essentially  those  corre- 
sponding to  the  doubling  of  the  characteristic  constant  ??.  Thus 
comparing  XiS  X2*  with  the  two  three- phase  motors  of  my 
previous  paper  which  have  the  same  characteristic  constant  ?>,  we 
find  very  nearly  the  same  power  factors,  efficiencies,  apparent 
efficiencies  and  exciting  currents.  The  values  are  not  perfectly 
the  same,  since  the  slip  8  in  the  single  phase  motor  is  only  about 
half  or  less  of  that  of  the  three-phase  motor,  in  consequence  of 
the  lesser  secondary  impedance. 

Comparing,  however,  the  single-phase  motor  with  the  same 
motor  on  polyphase  circuit,  we  see  that  the  former  is  inferior,  as 
to  be  expected  from  the  change  of  the  characteristic  constant  ??, 
which,  as  discu.^sed  in  my  former  paper,  is  the  fundamental 
characteristic  determining  the  quality  of  the  motor.  Especially 
great  is  the  inferiority  of  the  single-phase  motor  with  poorer 
motors ;  less,  although  still  very  marked  with  good  polyphase 
motors.  The  single  phase  motor  is  inferior,  especially  at  light 
load,  mostly  due  to  its  lower  power  factor. 
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The  best  insiglit  into  the  chADges  which  have  taken  place  hy 
operating  poWphaee  motors  on  siugie^pha^  cirxrnits.  i$  giver  1»t 
comparing  the  load  curves  in  the  diagrams.  As  seen,  the  effei-t 
is  a  general  decrease  of  the  corvee  especially  at  light  loads.  11.4k* 
ing  them  riee  niach  slower  and  to  lesser  maximnm  values. 

In  general  it  can  be  said  that  a  fair  polyphase  motor  makt."^  a 
poor  single- phase  moU*r.  A  good  pc»lyphase  motor  makes  a  fair 
single-phafie  motor,  and  to  get  a  good  single-phase  motor  an  ex- 
ceedingly good  polyphase  motor  is  required. 

The  speed  is  mnch  more  constant  in  the  single-phase  iniluoti^>n 
motor  than  in  the  polyphase  motor. 

The  maximam  torqne  and  output  of  the  single- phase  motor  is 
somewhat  greater  than  tLat  of  the  three-phase  motor  j^r  circuit. 
Hence,  since  the  total  torque  and  output  of  the  throe-phase  motor 
is  three  times  tliat  per  circuit,  the  single-phase  motor  at  the 
same  impressed  e.  m.  f.  gives  less  than  half  the  output  of  the 
polyphase  motor.  This  is  the  cause  of  the  inferiority  of  the 
single-phase  motor.  With  the  same  volt-ampere  excitation,  the 
same  loss  of  energy  in  the  iron,  and  somewhat  over  half  the  loss 
of  energy  in  the  copper,  the  output  is  reduceil  to  less  than  one- 
half. 

Obviously  by  operating  the  single-phase  motors  at  higher  volt- 
age, or  what  means  the  same,  rewinding  them  for  a  higher  density, 
their  output  can  he  increased,  but  as  discussed  before,  their  con- 
stants are  not  changed  thereby.  Limiting  the  output  by  the 
heating  of  the  motor,  that  is  the  loss  of  energy  therein,  the  per- 
missible rating  of  a  motor  on  single-phase  circuit  is  about  from 
f  to  J  that  of  the  same  motor  rewounil  for  polyphase  cir- 
cuits. In  this  ease,  the  magnetic  density  of  the  single-phaso 
motor  is  from  25  to  30^  higlier :  thus  the  exciting  volt-mnperes 
and  the  loss  in  the  iron  correspondingly  higher,  as  represented  by 
the  constants  of  the  motor. 

The  falling  oflE  of  the  torque  and  the  output  of  the  single  phase 
motor  with  decreasing  speed,  is  much  more  abrupt  than  in  the 
polyphase  motor,  since  the  expression  of  the  tonjue  of  the  single- 
phase  motor  contains  the  speed  (I  —h)  as  factor,  while  that  of  th^ 
polyphase  motor  does  not. 

Thus,  while  in  the  polyphase  motor  the  insertion  of  resistance 
in  the  armature  does,  not  change  the  tonpie,  Imt  merely  shifts  all 
its  values  toward  lower  speeds,  in  the  single-phase  motor  resist- 
ance in  the  armature  not  only  shifts  the  values  of  torque  towards 
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lower  speed,  but  also  reduces  the  values  due  to-  the  factor  (1— «) 
entering  the  expression  of  torque.  In  Figs.  6,  7  and  8  are  shown 
speed  curves  of  the  motor  Xi*  for  the  armature  resistances, 

/•j  =  .033  (short-circuited  armature), 

/•i  =  .(1833, 

n  =  .2,  ' 

n  =  .533. 
corresponding  to  the  resistances  .1,  .25,  .6  and  1.6  in  each  of  the 
three  armature  circuits.  Thus  these  figures  give  the  torque, 
power  factor,  torque  efficiency,  apparent  torque  efficiency  and 
current  as  function  of  the  speed  on  single- phase  circuits,  of  the 
same  motor  and  for  the  same  armature  resistances,  for  which  the 
curves  on  three-phase  circuit  are  shown  in  Figs.  10  and  11  of  my 
previous  paper.     Thus  these  diagrams  are  directly  comparable. 

The  torque  curves  of  the  single- phase  motor  have  the  same 
general  character  as  those  of  the  three  phase  motor ;  a  stable 
branch  between  synchronism  and  maximum  torque  and  an  un- 
stable branch  between  maximum  torque  and  standstill.  The 
diflFerence,  however,  is  that  all  the  single-phase  torque  curves 
slope  toward  zero  at  standstill,  while  the  three-phase  torque 
curves  reach  definite  values  at  standstill.  With  increase  of  arma- 
ture resistance,  the  maximum  torque  point  shifts  towards  lower 
speed,  but  at  the  same  time  decreases  in  the  single-phase  motor, 
while  it  remains  the  same  in  the  three-phase  motor.  In  the  sin- 
gle-phase motor,  the  maximum  torque  point  is  nearer  synchro- 
nism, that  is,  the  speed  regulation  is  better. 

In  the  single-phase  motor  a  stable  and  an  unstable  branch  of 
the  torque  curve  always  exists.  In  the  polyphase  motor  the  lat- 
ter disappears  beyond  a  certain  secondary  resistance,  and  for  in- 
stance no  longer  exists  in  the  above  discussed  motor  for  r^  =  .6 
and  /\  =  16. 

The  current  curves  in  Figs.  7  and  8  on  single-phase  and  on 
three-phase  circuits  show  the  same  general  character,  with  the 
modification  due  to  the  lesser  slip  of  the  single-phase  motor, 
which  causes  the  same  shape  to  correspond  to  a  higher  resistance. 
For  instance,  r^  =  1.6  in  the  single-phase  motor  gives  about  the 
same  shape  as  /'i  =  .6  in  the  three-phase  motor.  The  power 
factor  curves  have  the  same  character,  but  the  single-phase  curves 
reach  a  lower  maximum  only,  at  a  lesser  slip. 

ToHjue  efficiency  and  apparent  torque  efficiency  are  different 
in  so  far  as  these  quantities  in  polyphase  motors  approach  finite 
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values  at  standstill,  while  in  single-phase  motors  their  curves  slope 
towards  zero  at  standstill.  The  torque  efficiency  and  apparent 
torque  efficiency  reach  their  maxima  at  higher  speed  or  lesser  slip 
on  single-phase  than  on  polyphase  circuit,  and  are  lower. 

It  is  obvious  herefrom  that  the  single-phase  induction  motor, 
while  quite  fair  in  the  range  of  speed  above  the  maximum  torque 
point,  becomes  very  unsatisfactory  below  this  point,  or  at  lower 
speeds.  Armature  resistance  in  the  single  phase  induction  motor 
brings  the  maximum  torque  point  down  to  lower  speeds.  But 
since  the  maximum  torque  point  is  lowered,  the  more  the  speed  is 
reduced  at  which  it  takes  place,  single-phase  motors  cannot  be 
operated  on  rheostatic  control  for  variable  speeds  as  satisfactorily 
as  polyphase  motors,  and  armature  resistance  is  thus  used  mostly 
only  for  starting  the  motor. 

Since  the  torque  of  the  single-phase  motor  falls  off  in  any  case 
with  decreasing  speed,  the  use  of  variable  armature  resistance  in 
starting  a  single-phase  motor  is  far  more  necessary  than  in  poly- 
phase motor.  For  instance,  the  three-phase  motor  in  Fig.  10  of 
my  previous  paper  will  carry  one-third  of  full  load  from  stand- 
still up  to  synchronism  with  short-circuited  low  resistance  arma- 
ture, and  practically  full  load  from  one-half  speed.  The  same 
motor  as  single-phase  motor  will  carry  one-third  load  from  one- 
fourth  speed,  or  two-thirds  load,  from  ©ne-half  speed  up  to  syn- 
chronism, only  when  the  armature  resistance  is  the  most  favor- 
able, r^  =  .6. 

At  standstill  the  single-phase  motor  torque  is  zero,  and  thus 
some  starting  device,  electrical  or  otherwise,  is  needed.  This 
starting  device,  however,  while  it  needs  not  to  bring  the  motor  up 
to  full  synchronism,  as  necessary  with  a  single-phase  synchronous 
motor,  has  to  bring  it  up  to  some  speed,  since  only  at  about  one- 
fourth  speed  the  inherent  torque  of  the  single-phase  induction 
motor  becomes  noticeable,  and  considerable  only  at  about  one- 
half  speed.  With  short-circuited  low  resistance  armature,  the 
starting  device  has  to  bring  the  motor  up  fairly  close  to  synchro- 
nism. 

Concatenation  or  tandem  control  of  single-phase  induction 
motors  can  be  used,  but  the  result  is  not  as  satisfactory  as  with 
j>olypha«e  motors,  since  the  magnetic  field  of  the  single-phase 
motor  becomes  uniform  only  when  aj)proaching  synchronism,  and 
thue  at  half  speed  the  e.m.f.  induced  in  the  secondary  is  pulsating 
in  intensity. 
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Tlie  effect  of  the  change  of  frcr^uency  and  change  of  the 
number  of  polee,  etc.  is  the  same  in  the  single-phase  motor  as  in 
the  polyphase  motor,  and  the  invest  ligation  regarding  hereto  ii 
directly  applicable  to  polyphase  as  well  as  smgle-phase  motors. 

In  the  preceding  discussion  of  the  single-phase  motor,  the  as- 
sumption has  heen  made  that  the  magnetic  field  of  cross-magneti- 
zation produced  by  the  armature  currents  ia  proportional  to  the 
counter  e.  u.  f.  of  the  motor  and  to  the  speed.  In  reality  it 
varies  with  a  more  complex  function  of  the  speed,  and  thus  the 
torque  curves  calculated  with  this  assumption,  do  not  show  the 
perfect  coincidence  with  the  results  of  tests  as  is  the  case  of  the 
polyphase  motor,  although  they  agree  fairly  well. 

it 


Pio.  9. 

Fio,  10. 

.6-30-900-110.  Form  "A."    60  Cycles 

1.8-30000-110.  Form -A."    60  Cvcles, 

8  Poles.  110  Tdlts.     Single  Ph«M. 

8  Poles.  110  V„lt3.    Single  Phise. 

Cur»«C^^t.tal«1  w,lh     I_=^35-hl.'S/. 

A  further  assumption  lias  been  made  by  representing  the 
M.  M.  F.  of  cross- magnetization  by  a  doubling  of  the  primary  im- 
pedance, but  neglecting  the  effect  of  the  armature  currents  pro- 
ducing the  cross- magnetization. 

In  Fig.  y  are  shown  the  load  curves,  and  in  Fig.  10  the  speed 
curves  of  the  1—8 — 30 — 9()0 — 1060  cycles,  form  A,  the  same 
motor  of  which  the  three-phase  load  curves  are  given  in  Fig.  1 
and  the  three-phase  speed  curves  in  Fig.  2  of  my  previous  paper. 
These  single-phase  curves  are  calculated  for  the  same  impressed 
voltage,  that  is  the  same  magnetic  density,  and  with  the  same 
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constanti  as  the  three-phase  cnrves  in  the  previous  paper,  with 
the  changes  discussed  above ;  trebling  the  primary  admittance  and 
reducing  the  secondary  impedance  to  one- third.  The  results  of 
tests  are  marked  by  crosses.  As  seen,  the  coincidence  between' 
test  and  calculation  is  quite  good.  This  motor  is  the  iirst  60- 
cycle  induction  motor  built,  and  thus  does  not  now  represent  the 
present  state  of  the  art,  but  is  used  here,  owing  to  the  very  com- 
plete investigations  made  with  it. 

§  2.     Single- Phasb  Induction  Motor  Stabtino  Dbvices.. 


As  seen  in  the  preceding,  the  single- phase  induction  motor  at 
standstill  has  no  starting  torque,  since  the  line  of  polarization  due 
to  the  armature  currents  coincides  with  the  axis  of  magnetic  flux: 
impressed  by  the  primary  circuit.  Only  when  revolving,  torque- 
is  produced,  due  to  the  axis  of  armature  polarization  being  shifted! 
against  the  axis  of  magnetism  by  the  rotation,  until  at  or  near^ 
synchronism  it  is  in  quadrature  therewith,  and  the  magnetic  dis- 
position thus  identical  with  that  of  the  polyphase  induction  mo- 
tor. 

Leaving  out  of  consideration  starting  by  mechanical  meamr,, 
and  starting  by  converting  the  motor  into  a  series  or  shunt  motor,, 
that  is  by  passing  the  alternating  current  by  means  of  commuta- 
tor and  brushes  through  both  elements  of  the  motor,  as  methodic 
of  starting  single-phase  motors  are  left : 

1st. — Shifting  of  the  axis  of  armature  or  secondary  polariza- 
tion against  the  axis  of  inducing  magnetism. 

2nd. — Shifting  the  axis  of  magnetism,  that  is  producing  a 
magnetic  flux  displaced  in  position  from  the  flux  inducing  the 
armature  currents. 

The  first  method  requires  a  secondary  system  which  is  unsyi»- 
metrical  in  regard  to  the  primary,  and  thus,  since  the  secondary^ 
is  movable,  requires  means  of  changing  the  secondary  circuit,  that 
is  commutator  brushes  short-circuiting  secondary  coils  in  the  po- 
sition of  effective  torque,  and  open-circuiting  them  in  the  positionti 
of  opposing  torque. 

Thus  this  method  leads  to  the  repulsion  motor,  which  is  aai 
commutator  motor  also. 

With  the  commutatorless  induction  motor,  or  motor  with  peii*- 
manently  closed  armature  circuits,  all  starting  devices  consist  iiu 
establishing  an  auxiliary  magnetic  flux  in  phase  with  the  induce!^ 
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secondary  currents  in  time,  and  in  quadrature  with  the  line  of 
armature  polarization  in  space,  that  is  they  consist  in  producing  a 
component  of  magnetic  flux  in  quadrature  in  space  with  the 
primary  magnetic  flux  inducing  the  armature  currents  and  in 
phase  with  the  latter ;  that  is  in  quadrature  with  the  primary 
magnetic  flux. 

Thus  if 

P  =  polarization  due  to  the  induced  or  armature  currents, 
JU  =  auxiliary  magnetic  flux, 

<p  =  phase  displacement  in  time  between  J/  and  P,  and 
w  =  phase  displacement   in  space  between  M  and   P,  the 
torque  is 

T  =  I^  Jf  sin  (0  cos  <p. 

In  general  the  starting  torque,  apparent  torque  efficiency,  etc. 
of  the  single-phase  induction  motor  with  any  of  these  devices  are 
given  in  per  cent,  of  the  corresponding  values  of  the  same  motor 
with  polyphase  magnetic  flux,  that  is,  with  a  magnetic  system  con- 
sisting of  two  equal  magnetic  fluxes  in  quadrature  in  time  ^od 
space. 

Thus  all  starting  devices  of  the  commutatorless  single-phaee 
induction  motor  consist  in  the  production  of  a  component  of  mag- 
netic flux  displaced  from  the  axis  of  polarization  of  the  induced 
or  armature  currents. 

The  infinite  variety  of  arrangements  proposed  for  this  purpose 
can  be  grouped  into  three  classes. 

Ist.  Phaae'Splitting  Devices. — The  primary  system  is  com- 
posed of  two  or  more  circuits  displaced  from  each  other  in  posi- 
tion, and  combined  with  impedances  of  different  inductance 
factors  so  as  to  produce  a  phase  displacement  between  them. 

When  using  two  motor  circuits,  they  can  either  be  connected 
in  series  between  the  single-phase  mains,  and  shunted  with  im- 
pedances of  different  inductance  factors,  as  for  instance,  a  con- 
densance  and  an  inductance,  or  they  can  be  connected  in  shunt 
between  the  single-phase  mains  but  in  series  with  impedances  of 
different  inductance  factor.  Obviously  the  impedance  used  for 
displacing  the  phase  of  the  exciting  coils  can  either  be  external 
or  internal  as  represented  by  high-resistance  winding  in  one 
coil,  etc. 

In  this  class  belongs  the  use  of  the  transformer  as  phase-split- 
ting device,  by  inserting  a  transformer  primary  in  series  to  one 
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motor  circuit  in  the  main  line,  and  connecting  the  ether  motor 
circuit  to  the  secondary  of  the  transformer,  or  by  feeding 
one  of  the  motor  circuits  directly  from  the  mains,  and  the  other 
from  the  secondary  of  a  transformer  connected  across  the  mains 
with  its  primary.  In  either  case,  it  is  the  internal  impedance, 
respectively  internal  admittance,  of  the  transformer  which  is  com- 
bined with  one  of  the  motor  circuits  for  displacing  its  phase, 
and  thus  this  arrangement  becomes  most  efiective  by  using 
transformers  of  high  internal  impedance  or  admittance,  that  is 
poor  transformers. 

2d.  Inductive  Devices, — The  motor  is  excited  by  the  combi- 
nation of  two  or  more  circuits  which  are  in  inductive  relation  to 
each  other.  This  mutual  induction  between  the  motor  circuits 
can  either  take  place  outside  of  the  motor  in  a  separate  phase- 
splitting  device,  or  in  the  motor  proper. 

In  the  first  case  the  simplest  form  is  the  divided  circuit  whose 
branches  are  inductively  related  to  each  other  by  passing  aroumd 
the  same  magnetic  circuit  external  to  the  motor. 

In  the  second  case  the-simplest  form  is  the  combination  of  a 
primary  exciting  coil  and  a  short-circuited  secondary  coil  induced 
thereby  on  the  primary  member  of  the  motor,  or  a  secondary 
coil  closed  by  an  impedance. 

3d.  Monocyclic  Starting  Device. — An  essentially  wattless 
E.  M.  F.  of  displaced  phase  is  produced  outside  of  the  motor, 
and  used  to  energize  a  cross-magnetic  circuit  of  the  motor,  either 
directly  by  a  special  teaser  coil  on  the  motor,  or  indirectly  by 
combining  this  wattless  s.  m.  f.  with  the  main  e.  m.  f.  and  there- 
by deriving  a  system  of  e.  m.  f.'s  of  approximately  three-phase 
or  any  other  relation.  In  this  case  the  primary  system  of  the 
motor  is  supplied  essentially  by  a  polyphase  system  of  e.  m.  f. 
with  a  single-phase  flow^of  energy,  a  system,  which  I  have  called 
"monocyclic." 

A.  Phase  Splitting  Devices. 

Parallel  Conn€ctio7i.  Let  the  motor  contain  two  primary  cir- 
cuits of  different  inductance  factors  in  parallel  between  the 
single-phase  mains,  and  at  right  angles  with  each  other  in  space. 

Two  equal  primary  circuits,  of  the  apparent  impedance,^ 

Z  =  r—j  X, 

1.  Including  secondary  circuit,  that  is,  Z=  impressed  e.  m.  f.  ^^  motorcoil 

current 
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are  arranged  at  right  angles  on  the  motor  field,  and  connected  in 
Beries  with  the  respective  impedances  : 

Zi  =  rj  —j  i»i  and  Zi=:  r^—J  X2 

in  parallel  across  the  single-phase  mains  of  impressed  e.  m.  f., 

as  shown  diagrammatically  in  Fig.  11. 

Let  £1  and  I^   =  e.  m.  f.  and  current  in  first, 

E2  and  I2  =      "        "  "      "  second  motor  coil. 

The  angle  of  phase  displacement  between  the  b.  h.  f.'s,  Ei  and 
E3  be: 

(E„  E2)     =    CO. 

The  torque  of  the  motor  is  proportional  to : 

T.  =  F,Ei  sin  to  * 


* 


z, 


IMJc: 


Pio.  11. 

while  the  torque  of  the  same  motor  with  uniform  or  polyphase 
flux,  that  is  as  quarter-phase  motor  with  e.  m.  f.  e  per  phase,  is 
proportional  to : 

Hence,  the  relative  starting  torgiie  of  the  single-phase  motor, 
or  the  ratio : 

torque  singlcpha.^  ^^  ^^^  impressed  E.  M.  F.  e,  is : 

torque  polyphase  ^  ' 


^  =  -=?  =    -i-r-^  sm  CO, 


(1) 


Let:    I  =  Ii  +  la  =  ^^^^al  current  taken    by    the  motor  on 
single  phase  circuit  of  e.  m.  f.  ^,  and  /  =  absolute  value  thereof. 


1.  Ej  1}  etc.  denoting  the  complex  vectors,  E^^  I^  their  absolute  or  scalar 
values. 
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The  total  current  taken  by  the  motor  on  quarter-phase  circuit 
of  E.  M.  F.  e  per  phase  is : 

hence,  the  ratio  of  currents : 


^^/^/JV+^  (3) 

and  consequently,  the  ratio  of  apparefU  torque  efficiencies  of  the 
motor  on  single-phase  and  on  polyphase  circuits,  or  the  reiatvoe 
apparent  torque  efficiency  of  the  motor  starting  device,  is : 

e        T,       1 
1  ^  Ex  E^  rin  w 

In  this  single-phase  motor  starting  device,  it  is : 
Current  in  first  motor  coil : 


(4) 


in  the  second  motor  coil : 


e 


hence,  total  current : 

I  -  I  _|_  T   -  g  (2  Z  4-  Zi  +  ^)  /«x 

or,  absolute : 


/  = 


3 .  ^/(^ + !iiL!i«)  +  (a, + ?L±^y 


(8) 


^\kr  + »-.)'  +  K^  +  a^OT  K/-  +  ^«)'  +  (iP  +  a;,)*], 
and,  ratio  of  currents  : 

/o        \\r  +  r,)»  +  («  +  «,)'  ^{r  +  r,)«  +  («  +  «.)*• 
The  B.  M .  F.  across  the  first  motor  coil  is : 

Ki  =  ZJi    =  I       y> 

Z  -f-    iOl 

=  , tt^zjA ,  (10) 
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or  absolute : 


f'(r  +  n)*  +  («  +  «.)» 
and  analogously,  across  the  second  motor  coil : 

^  ^  ♦^^  +  '^  (18) 

4/(r  +  r,)»  +  (*  +  »,)» 

The  phase  displacement  q>  between  the  e.  m.  f.'s  E^  and  ^  is : 

E 

a  (cos  a  +y sin  w)  =  -i, 

_  (r  +  ^a)  —j  {^  +  a'tt)  ^  Q4\ 

(r  +  n)  — ^'  {x  +  a?,) 

hence : 


V{r  +  rO^  +  (aj  +  ^0'' 
and: 

Substituting  (11)  (13)  (15)  into  (1)  gives  the  relative  torque  of 
starting  device : 

4  --  {r^  +  ^\r  (a?!  —  a^)  +  r.^  (a?  +  yQ  —  ^t  (a;  +  a^)]  /igx 
[(^  +  n)' +  (a?  +  a'O']  [(^  + /'2)' +  (a^  +  a^)']    '^    ^ 
and,  (9)  and  (16)  combined,  give  the 
relative  apparent  torque  efficiency  of  the  starting  device : 

0      /vf+r,)*+<*+«i)*  i/(^+*'«)'-H*+'i)*  4''(r+!j±!ji)2+(x+£l±£t)a 

Special  Casks. 

1.  Resistance  a  in  series  with  one  motor  circuit: 

rj  =  a,  ^i  =  a?i  =  a?;  =  0. 

Relative  torque : 

t^  ^^ 


(r  +  of  +  «*■ 
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Relative  current : 


%  = 


|/(^  +  a)*  +  ar^ 
Relative  apparent  torque  efficiency : 

a  X 


*  = 


\/{r  +  a)»  +  «»  \/(r  + 1)  +  a?'. 


3.  Reactance  a  in  series  with  one  motor  circuit : 

a?i  =  a,  rj  =  r2  =  Oa  =  0. 

Relative  torque : 


t^  ^^ 


y^  +  (a;  +  a)«' 
Relative  current : 


I  = 


\/^+(x+iy 


V  r«  +  (»  +  «)» 
Relative  apparent  torque  efficiency : 


A/,^  +  {x  +  of  \/r'+  (aJ  +  lJ 


Thus,  reactance  ei  in  series  with  one  motor  circuit  gives  the 
same  values,  but  with  r  and  x  exchanged  for  each  other,  as  re- 
sistance a  in  one  motor  circuit,  or :  a  reactance  a  has  on  a  motor 
of  impedance  Z  ^=^h  — jd  the  same  effect  as  a  resistance  a  on  a 
motor  of  impedance  Z  ^  d  — jh. 

In  a  motor  of  high  reactance  (permanently  short-circuited 
armature)  resistance  a  in  series,  in  a  motor  of  high  resistance 
(variable  starting  resistance)  reactance  a  in  series  gives  better 
torque  and  apparent  torque  efficiency. 

As  instances  are  shown  in  Fig.  12,  the  relative  apparent  torque 

efficiency,  or  apparent  torque  efficiency   ^^    r^^  >  as  function  of 

the  reactance  a  inserted  in  one  of  the  two  equal  primary  motor 
circuits,  for  the  motors  with  apparent  impedance: 

1.     Z=l  — 3^. 

2.    z  =  8  —  1  y. 
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If  a  is  resislaDce  instead  of  reactaDce,  the  two  corree  in  ¥ig. 
12  merely  ezcliange  tbeir  poaition,  u  shown  in  parenthesis. 

5.  Indttctance  and  Capacity. 

a^  =  —  («i  +  2  »). 


1 

in 

1 

.« 

1 

A 

|Z=a^j 

2=ilo, 

a— 

+  * 

^ 

1 

1 

^ 

«      J 

,  ^ 

,  _ 

1 

/^ 

!z-.- 

U     rz-s-ll    1 

■9  -T     - 

A     +'1       i 

1   -iJfl  ^ 

i+fl 

^ 

n 

! 

( 

*PA 

:iTV 

/ 

_, 

u\ 

TA« 

:e(r 

:9(s 

ANC 

-.8 

^ 

/I 

-It 

"" 

-.2 
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j 
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-i.s\ 
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^^ 
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Fio.  12. 
Single  Phue  InductioD  Motor.  Ratio  ol  Apparent  Torque  EffloieociM. 

Starting  Deriue.  Single  Phaae. 

«wo'MV.«1'ri».''ri^"'  t'ou^'i^'pH:,.™ '™,  PoljphMe. 

MMorCoil.    ^=j-iy«i-j/ 
A  Fbuc  Splitiiai  Dcticc. 


fielatire  torqne: 
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BeUtiTe  CDirent : 


«'('•  + 'J" +(»+«■)■  f('-+>tf+(«  +  »,r 

/\ 
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Fio.  IS.— Single  Phase  Imluction  Motor.    Start infi  DeTice. 

KacttBet—Ji  and:  +/ C4 +  i  XJ.         n  Ciicjii  of  ihr  iwa  Motor  i  D  li  of  Toiil  Inpntan 
Z=,-/j-  =  3-,/or:   ,-iJ 

Ratio  of  Apparetit  Torque  Kfflcienci<'9.    A  Phase  Splittiog  Derice. 
Single  Phase 
Polyphase" 
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Relative  apparent  torque  efficiency  : 

^_ ^Vr'  +  a?  {x  +  X,) 

i^CM^f +"(M^i?  i/(r  +  r,)'  +  (a?  +  x,f 

3  J.— 

a?i  =  J,  ri  =  ^2  =  0. 

ajj  =  —  (J  +  2  ^' 
Relative  torque : 

,_  2  r  (a?  +  &)  (y^  +  ar^ 

[^  +  (^  +  w  ■ 

Relative  current : 


r»-^(x+  bf 
Relative  apparent  torque  efficiency  : 


r^  +  (aj  +  J)» 

At :  J  =  —  x: 

^  =  0,  5  =  0, 

as  to  be  expected,  since :  a*,  ==  —  a;  =  a^j . 

As  instance  are  shown  in  Fig.  13,  the  relative  apparent  torque 
efficiency,  as  function  of  hy  for  a  motor  of  apparent  impedance : 

1.  Z  =  1  —  3^'. 

2.  Z=3— ly. 

As  seen,  very  high  values  can  be  reached  by  tvro  capacities  in 
a  motor  with  low  resistance  secondary ;  the  high  maximum  is 
within  a  narrow  range,  however,  and  very  near  the  point  where 
the  torque  reverses. 

Series  Connection. 

Let  the  motor  contain  two  primary  circuits  of  different  inductance 
factors  in  series,  and  at  right  angles  with  each  other  in  space. 
Two  equal  primary  circuits,  of  the  apparent  admittance^ 

are  arranged  at  right  angles  with  each  other  in  the  motor  field, 
connected  in  series  with  each  other  in  the  circuit  of  the  impressed 
B.  M.  F.  ^  =  2  ^,  and  shunted  by  the  respective  admittances : 

Yi  =  gi  +j  Ji  and  Fa  =  ^3  +j  ftj, 
as  shown  diagrammatically  in  Fig.  14. 
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Let : 
£i  and  Ii  =  e.  m.  f.  and  current  in  the  first, 
E,andla=       "        "        "        "     "  second  motor  coil, 
and: 

(El,  Ea)  =  Q>  the  angle   of  phase  displacement  between  Ei 
and  E,. 

The  torque  of  the  motor  is  proportional  to  : 

T.  =  E^E^  Bin  w         2 
while  the  torqne  of  a  quarter-phase  motor  with  the  e.  m .  f.  e  per 
phase  (or  motor  coil)  is  proportional  to  : 

7;  =  ^. 

Hence,  the    relative  starting    torque  of    the     single-phase 
motor,  or  ratio. 

torque  single-phase  at  e/m.  f.  2  ^  across  both  motor  coils, 
torque  polyphase  at  e.  m.  p.  t  per  motor  coil, 


I 
I 

I 
I 
I 
I 


Fio.   14. 


is: 


y  _  T^ Ex  Ex  sin  m 


e» 


(1) 


The  current  per  motor  coil  at  e.  m.  f.  ^  and  quarter- phase  cir- 
cuit is: 

\^eY.  (2) 

or,  absolute : 

/„  =  ^  i^F+7;  (3) 

hence  the  apparent  input,  quarter-phase  : 

2  ^  /o  =  2  ^  ^W  +  f.  {^) 

The  joint  admittance  of  the  motor  coils  with  their  shunts,  on 
single-phase  circuits  is : 

1  _  (r+  r,)(r+  t, 

1,1  2  r+  i\+  Y^  ' 

T^.  +  ttt; 

1.  and  2.  see  page  110. 


i 
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hesce  the  current, 

at  impressed  e.  h.  f.  2  e : 

y-i     -t  1  -t-  -i» 
^  2 

or  abeolute : 

•nd,  the  apparent  input : 

'  -      V(,+^-L±/y+(6+^y     (7) 

hence,  the  ratio  of  apparent  inputs  or  relative  (ippCM^ent  input : 
^^2el_   V{g^ff,f-\-  (b  +Vf  V{g  +  y,)'  +  (ft  +  ^y  (8) 


2«/, 


^^+^V(7T^^^)' + (* + *-4^)' 


The  B.  M.  F.  across  the  first  motor  coil  is : 


■^  ■  =  t4t'  « 


hence,  substituting  (5)  in  (9) : 

~        2 
or,  absohite : 


(10) 


and  analogously,  E^. 
It  is: 

This  combined  with  (9)  gives  the  angle  w  between  Ei  and  ^ as: 
and  herefrom,  analogously  as  on  page  54 : 
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sin  at  =         g  (^  —  ^0  +  yt  (^  +  ^0  —  yi  (^  +  ^»)  (13) 

^i3  +  y.)'  +  (*  +  *.)'  ♦'(y  +  J7,)*  +  (ft  +  hf 
(11)  and  (13)  substituted  in  (I)  gives  the  relative  torque: 

t  ^  9  ih  -  h)  +  ff,  {b  +  S.)  -  y.  (ft  +  S,) 

(,+€^.)V(ft+^l^)'     '         ^^^> 

and,  (14)  combiDed  with  (8)  gives  the  relative  apparent  torque 
efficiency: 


V'^'+ft*  [/7(fti -ft.) +^t (^+M  - ^1  (*  +  *.)] 


i^(y+^i)'-HH-fti)'  i  (yf-^.)*+(ft+ft.)»  \/(^+^'y+(ft+^)'  ^^^> 

As  seen,  the  relative  apparent  torque  efficiency  of  the  single- 
phase  motor  starting  device  with  series  connection  leads  to  the 
same  expression  in  the  admittances,  as  parallel  connection  leads 
in  the  impedances.  That  is,  replacing  in  the  formula  for  parallel 
connection,  on  page  54,  the  resistances  and  reactances  by  the  con- 
ductances and  suiceptances,  give  the  formula  for  series  connec- 
tion. 

Relative  torque  and  relative  apparent  input  would  give  the 
same  formulas  in  admittances  in  series  connection,  if  in  this  case 
the  values  for  constant  impressed  primary  current  had  been  com- 
pared with  the  values  for  constant  impressed  primary  e.  m.  f.  in 
parallel  connection.  The  apparent  torque  efficiency  is  independ- 
ent of  E.  M.  F.  or  current,  thus  gives  the  same  expression. 

Special  Cases. 
1.  Conductance  {or  resistance)  a  shunting  one  motor  coiL 

ffi  =  «,     <7i  =  Ji  =  &2  =  0. 


Torque : 


Current : 


t  =  a  i 

(y+iy+ft'' 

A/(y+^)+ft^ 


62  8TEINMBTZ  ON  SINGLE  PHASE  [Feb.  28, 

A  pp.  Torque  Eff. 


2.  Suaceptanoe  {or  reactance)  a  ahujiting  one  motor  coil, 

h  =  «i     {/i  =  ff2  =  h  =  0. 


Torque : 


t  = 


a(/ 


^ +(*+!)"• 


Current : 


A  pp.' Torque  Eflf. 

Off 


d  = 


A/^+(j  +  a)Vt/»+(j  +  |y 


Obvionsly,  regarding  tlie  effect  and  the  relative  advantages  of 
conductance  or  eusceptance,  the  same  applies  as  stated  on  p.  l^re- 
garding'resistance  and  reactance. 

Instance : 

a.     Y=zl  +  3j    • 

/9.    r  =  3  +  1/ 

3.     Jfuhictance  and  capacity, 

bi  =  a, 

J,  =  -  («  +  2  J), 

(Ji  =  92  =  0. 


Torque : 


-    2((Z  +  J). 


Current : 


t  = 


i  =  g'  +  cg  +  ^y 


g  V<f+h'' 


A  pp.  Torque.  Eff: 


j^»  +  (a  +  ft)» 
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B.   Inductive  Devices. 

EXTERNAL   INDUCTIVE   DEVICES. 

Inductively  divided  circuit, — In  its  simplest  form,  as  shown 
in  diagram  Fig.  15,  the  motor  contains  two  circuits  at  right 
angles,  of  the  same  admittance : 

The  one  circuit  (1)  is  in  series  with  the  one,  the  other  (2)  with 
tlie  other  of  two  coils  wound  on  the  same  magnetic  circuit  M. 
Let: 

^  =  E.  M.  F.  across  single-phase  mains. 

Z  =  — ^'  a?  =  impedance  of  one  turn  on  the   magnetic  cir- 
cuit M. 
ni,  Ii ,  El  =  number  of  turns  of  J/,  current  and  b.  m.  f.  across 
motor  coil  of  circuit  (1);   ti-j,  l2,E2the  corresponding  values 
of  circuit  (2). 


Fio.  15. 

If  both  coils  on  M  are  wound  in  the  same  direction,  tii  and  n^ 
are  positive ;  if  the  coils  are  wound  in  opposite  direction,  Ui  and  n^ 
are  of  opposite  signs. 

The  M.  H.  F.  acting  upon  magnetic  circuit  M  is : 

/  =  ^1  Ii  +  ^  la,  (1) 

consequently,  the  e.  m.  f.  induced  per  turn  on  M : 

/  Z  =  (ni  Ii  +  n^  I,)Z,  (2) 

hence  the  e.  h.  f.  across  coil  (1)  on  M\ 

Ys^^n^fZ^  m  K  Ii  +  ^3  Ii)  Z,  (3) 

and  across  coil  (2) : 

Ea^  =  '^Hf  2,  =  n-^i  (ni  li  +  n^  Ig)  Z.  (4) 

The  currents  in  the  motor  circuits  (1)  and  (2)  are : 

If  =  E.  r,  (5) 

I,  =  Ej  Y.  (6) 
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Sabstituting  (5)  and  (6)  in  (3)  and  (4),  it  is : 

Eji  =  n,  (n,  E,  +  n,  E,)  Z  Y,  (7) 

£,'  =  «,  (71,  E,  +  n,  E,)  Z  r.  (8) 

It  is,  however : 

E,  +  E,'  =  «  =  E,  +  E,^  (9) 

Thns,  substituting  (7)  and  (8) : 

E,  (1  +  n,«  Z  T)  +  n,  «.,  E,  Z  r  =  e,  (10) 

«,  nj  E,  Z  1'  +  (1  +  n,»  Z  r)  E,  =  #,  (11) 

hence: 

P   _     1  +  n;  (7H  —  n,)ZY  ,jo\ 

TT  _  ^  1  —  »i  (w«  —  n,)  Z  Y  ,--v 

*^  -  ^  i  +  („,2  +  „,'yzx'  ^^^> 

or  BubBtituting    Z  =  — j  x\  Y  =  y  -{-jh: 

^   _     1  +  y  &  71^  (Ti^  -  TiQ  — ^'  xgn<^  {n^  —  n^)        ,^.. 

p  _  ^  1  —  g&  Til  (y?2  —  TiQ  +i  a;  y  ni  (na  —  n^        ,-g. 

The  condition  that  tlie  e.  h.  f.'s  E^  and  E^^  and  thus  the  two 
motor  fluxes,  are  in  quadrature,  is : 

E,  =iaE,,  (16) 

where : 

E 
a  =  ratio  of  e.  m.  f.'s  -^,  and  thus  of  fluxes  produced  by 

them. 

Substituting  (14)  and  (15)  in  (16),  it  is : 

l  —  xhtii  {n^i  —  n^  -{-j^g^h  {^h  —  'f^i)  =ia  +y  «  «  J  w,(na  — fh) 

-\-  axgn^in^  —  n,). 
thus: 

xh  ni(ii^  —  n^  -\-  a  X  g  7X2  (rii  —  n^  =  1, 

X  g  n^  (w2  —  ^^i)  —  a  a?  J  712  (n,  —  n^  -j-  ^> 

X  (n^  —  ni)  (J  n,  +  a  J'  712)  =  1,  (17) 

a?  (72,  —  Til)  (^  7ii  —  ab  ihi)  =  a,  (18) 


or: 


hence 


h  fix  -{-  agn^  __  1 
y  Til  —  a  J  w^i        a' 


(19) 
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herefrom : 


^  _  —  h  (n,  +  ih)  ±  Vhi  («i  +  tH?  +  ^  y*  ^  «a,        (80). 

or,  assaming  a  as  chosen,  from  (19): 

!L'  =  aMLfL|.  (21). 

nt        g  —  ah  ' 

Substituting  (1)  in  (12) : 

s       {g  —  aVf 

*        «  (i»  +  j^)  07  [I  -  a*]  -  2  a  h)  ^^^^ 

^  '     (ft*  +  i^)(jr[l-a»]-2ai)  t'^) 

As  iBBtance,Met : 
1. 

,  (1  — 8o)» 


S. 


10  a  {l  —  6a  —  €?) 

,      (1  —  8  a)  (3+ a) 
'  10(1  — 6  a  — a") 

•         10(1  — 6a- a»)" 

r=8  +  ii 

2  =  (3  — a)* 

^         10  a  (8  —  2  a  —  3  a')' 

(3  —  a)  (1  4-  3  a) 


10  (3  —  2  a  —  3  a*) 

,  a(l  +  3a)« 

'  10  (3  —  2  a  —  3  a«) 

X  tix  and  X  n,  must  be  positive,    x  n,  n,  is  positive  if  the^coiU' 
on  Jf  are  wonnd  in  the  same;  negative,  if  in  opposite  direction. 
It  follows  herefrom : 
1.  _ 

a  >   VlO  —  3  X  M,«  <  0, 

>  .1623 

that  is,  impossible. 
i^iO  —  3  >  a  >  0:  «,  nj  >  0 : 

coil  on  JIf  wonsd  in  same  direction. 
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0  >  a  >  —  i^lO  +  3  :  a  7i,«  <  0, 

that  is.  impoeftible. 

—  (  VlQ  +  3)  >  a,  Wi  n,  >  0 : 

coils  on  Jf  iD  saino  dircctioD. 
This  is  the  same  range  as  above,  but  with  E^  and  L^  reversed. 
2. 

a>^{VlO-\),  X  ;j,»  <  0, 

>  .721, 

that  is,  impossible. 

J  (  f^Io  —  1)  >  a  >  0,  n,  n'  >  0, 

coils  on  M  wound  in  same  direction. 

0  >  a  >  -  H  ^iO  +  1),      X  7h'  <  0, 

that  is,  impossible. 

—  J  (  i^io  +  1)  >  a,  n,  n,  >  0, 

coils  on  M  in  same  direction. 

This  is  the  same  range  as  above,  but  with  ^j  and  ^  reversed. 
Instance : 

1.  2. 

a  =    .1  a  =    .6  ^ 

X  n^  =  1.26  xn^  =  1.00 

a;  Wj  n^   =    .555  a;  n^  fii  =    .5 

X  V  =    .247  a?  n?  =    .25 

71,  =  2.25  Ui  ^  =    •2ni. 

Substituting  in  (14)  (15): 

^'  =  'iIb  -1-3-757  ^  =   •''•'  ^•''  +  -'^-^^  '- 

^  =  2£-^fei7^'  =  -^^-^  ( -  -^^  +  -^^  •^')  *• 

Substituting  (22),  (23)  and  (21)  in  (U)  and  (15)  gives : 
E_ H</^  +  «f/)-./(.'7-/»'')l|y[l-«M-2aJ{  (25 


j(l-a»)H-^+Jy(l-««)  «J*] !-ii/Ll+«*J-2fl2^[l-a»]HF2^ 


same 


e.] 
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The  cttirent  in  circuit  (I)  is ;        Ii  =  Ei  Y, 
The  curreat  in  circuit  (2)  ia :        I,  =  Ej  y, 
thus  the  total  current : 

I  =  I,  + 1,  =  (E,  +  Ea)  r, 

=  (E,  +  E,)Ci?+^'i).  (27) 

Snbetituting  (25)  and  (26)  in  (27) :  (28) 

As  instance  may  be  considered : 


Y  =  g+jl,  =  S+j. 


a: 

xn.it. 

*i 

^1 

/ 

'4 

9 

■n> 

it  " 

i.o«S 

I.Jt 

<8 

■ess' 

.006 

.B.S 

78,0 
B,.<. 

lfi.4 

... 

3i« 
406 

tl9 

0016 

046 

180 

OJJ 

08  STRINMETZ  ON  SINGLE  PHASE  [Feb.  88, 

where : 


Iq  =  2  e  Vfi^  +  ^  =  total  current  input  of  motor  on  quarter- 
phase  circuit; 

—^7^  =  toHjue,  and 

t  =  apparent  tonjue  efficiency,  in  fraction  of  that  of  the  same 
motor  on  quarter- phase  circuit. 

As  seen  before,  with  an  inductive  armature:  J'  =  1  -j-  ^Jj 
the  conditions  are  much  more  unfavorable. 

In  Fig.  16  are  plotted,  with  the  values  a  as  abscissae,  the 
E.  M.  F.'s  El  and  jEi^  the  current  /,  the  relative  numbers  of  turns 
Til  Vx  and  rii  Vx^  and  in  the  upper  part  of  the  Fig.  16  the  ratio 
of  currents  q,  of  tonjues^,  and  of  apparent  tonfue  efficiencies  tj 
of  this  starting  device,  compared  with  the  same  motor  on  quarter- 
phase  circuit. 

Internal  Inductive  Devices. 

The  exciting  system  of  the  motor  consists  of  a  stationary 
primary  coil  and  a  stationary  secondary  coil,  short-circuited  (or 
dosed  by  an  impedance)  upon  itself,  both  acting  upon  the  re- 
volving secondary. 

The  stationary  secondary  can  either  cover  a  part  of  the  pole 
face  excited  by  the  primary  circuit — shading  coil, — or  it  can 
have  the  same  pitch  or  angular  spread  as  the  primary,  but  be 
displaced  therefrom  in  space  by  an  angle  less  than  90° — accelerat- 
ing coil. 

A. — Shading  Coil. 

Let,  in  Fig.  17, 

e   =  primary  impressed  e.  m.  f. 

Iq  1=        "       current. 

Ij  =  current  in  shading  coil,  reduced  to  primary  number  of 
turns. 

El  =  E.  M.  F.  induced  by  flux  through  shading  coil. 

Eo  =       "  "        "  unshaded  flux. 

J'o  =  -y  =  internal  admittance  of  primary  coil." 


0.     Flux  interliDked  with  primary  coil  only,  but  no  other  circuit  and  effec- 
tive primary  resistance. 
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l^j  =  ^  =  internal  admittance  of  shading  coil.^ 

Y  =  load  admittance  of  armature.^ 

J^oo  =  magnetizing  admittance,  total  pole. 

a  =  shaded  portion  of  pole,  as  fraction  of  total  pole, 

thus :  1  —  a  =  unshaded  portion  of  pole,  as  fraction  of  total  pole. 

All  quantities  being  reduced  to  primary  number  of  tame. 

It  is,  then : 

Current  in  shading  coil : 

T,  =  E,  1\  (1) 

For  the  unshaded  section  of  pole,  it  is : 
Current  in  primary  coil : 

Io  =  Eo    |(l-«)    r+  JJ2_|  (2) 

the  first  term  representing  the  reaction  of  the  induced  armature 
currents,  the  last  the  exciting  current  of  the  pole  arc  I  —  a. 


Fio.  17. 

For  the  shaded  section  of  pole,  it  is : 
Current  in  primary  coil : 

lo  =  E,    I  a  1'  +  i «  +   r.  I .  (3) 

the  third  term  I^  =  E^   Yi  representing  the  reaction  of  the  in- 
duced shading  currents,  the  first  and  second  term  the  same  as  in 

Combining  (2)  and  (3),  it  is : 
Eo{(l-«)3'+^j--E,{ar+^  +  r.}=0.      (4) 

1.  Flux  interlinked  with  shading  coil  only,  but  no  other  circuit,  and  in- 
ternal resistance,  together  with  impedance  of  external  circuit  closing  shading 
coil,  if  8uch  exists. 

Cnrreiit  In  rey  •econdary         .,»     u    ,.  i  ..    , 

*•     «.ii.r. acting uponioiai pole  ^^^^  shading  coil  open  circuited. 

Cnrmtlnprlnutry  of  toul  pole  s       •*  j 

8.     ».  M.  r.  at  primary. ^^^"^  shading  coil  and  armature  open  circuited. 


r.o 
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It  is,  however,  in  primary  circuit : 

c  =  Eo  +  E,  +  I„  Zo  =  Eo  +  El  +  -^.  (5). 

SubBtituting  (3)  in  (5) : 

«  =  Eo  +  E,  +  E,  Y ' 

or,  transposed  : 

(4)  and  (6)  combined  give : 

r,(r+r,)+(i-a)  (a  r+ 7.) +_^£!!_J  ro+ar.+(i-2a+2a»)r+r,.  \ 

a  (1  —  a)  f  1 

r.{(i-  «)r+    1    r«,l 

E,  =  #  _J ^  — «       '  ■  (8) 

same  denominator 

Phase  displacement  angle  (E,',  Eq)  =  w : 

A  (cos  6>  +y  sii^ ^)  ~  ^  ~ v' — "  ^^^ 

^«       ar  +  Fi  +  i-^ 

Assuming  the  shading  coil  to  cover  half  the  poleface,  that  is : 

a  =  1  —  «  =  i, 
and  neglecting  the  primary  impedance : 


^  =  4  =  0' 

1 0 


it  is: 


primary  current :         I^  =  _!'  ( !"-{-  4  ^00)1  (10) 


and: 


_^  r+2r, +  4  1^00 

[r= — > 


E.  =  l^. 


2  r+r,+  4j 


00 


E,  =  ^ 


(11) 


2  r+r,  +  4r«,- 

_      r+  4  r„ 


Phase  angle :    A  (cos  a>  +i  sin  co)  =  "TV      "        (10) 

-I  -t-aXj-|-4Joo 
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Substituting :         Y+  Y,  +  ^Y^=r'  (13) 
it  is: 

Io=|(r'-r,),  (U) 


„  _  ^  F'  -  r.  _  .j/j     F.\ 


(15) 


Jo  =  |^  J..   ^'.  (16) 

A  (cos  a>  +i  sin  to)  =  ^^T^J-  (17) 

Substituting  now  Y  =  g  -^J  b  etc.,  and  eliminating  imagin- 
ary quantities,  gives : 

^  =  2V^(^'  +  ^')'  +  (*'  +  *')''    1 

(19) 
^  (cos  o»  +  *  sin  a>)   =  (■»'  —  i/i)  +i  (^'  —  ^i)        (20) 
hence : 


tan  a>  =  2  ^ ^  ^  ~-^^  (21) 


y ' '  +  yi 

Since  the  denominator  in  (21)  can  never  =  0,  to  can  never  = 
90°.     That  is : 

It  is  not  possible  to  produce  exact  quadrature  flux  by  means  of 
this  shading  coil. 

a>  =  0,  for :    g^V  —  g^  hi  =  0,  or : 

fj  =  9'    or  l^  =  <.  (22) 

That  is : 

If  the  power  factor  of  the  shading  coil:  ^^    equals    the     power 

factor  2Lj  of  the  term :   1^  +  l^i  +  4  J^o?  t'^e  shaded  flux  comes 
in  phase  with  the  unshaded  flux,  and  the  torque  becomes  =:^  0. 
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If :  ^^  >  ^,,      a>  >  0,  that  iB,  the  torque  of  the  motor  is  from 

the  direction  of  the  unghaded  portion,  towards  the  shaded  portion 
of  the  pole,  and  the  shading  coil  is  a  lagging  coil. 

If :   ^^  >  ^,  a>  >  0,  that  is,  the  torque  is  from  the  shaded 

yi     y 

towards  the  unshaded  portion  of  the  motor  pole,  and  the  shading 
^1  is  an  accelerating  coil. 

Hence,  with  a  high  resistance  low  reactance  shading  coil  the 
motor  armature  turns  towards  the  shading  coil,  as  shown  bj  the 
arrow  in  Fig  17,  with  a  high  reactance  low  resistance  shading 
'Coil  it  turns  in  the  opposite  direction. 

The  torque  of  an  induction  motor  is  the  sum  of  the  vector 
products  of  primary  counter  e.  m.  f.'s  times  secondary  currents 
•induced  by  their  quadrature  e.  m.  f.'s,  thus  in  the  present 
instance. 

r=/EoIiV  +  /EiIo7,  (23) 

where : 

\$  =  current  induced  in  the  armature  section  covered  by  un* 
-shaded, 

\^  =  current  induced  in  the  armature  section  covered  by 
-shaded  portion  of  pole,  reduced  to  primary  number  of  turns. 

It  is  however : 

lo"  =  E,  r  (1  -  «) 

I,»  =  E,  Ya, 


\  (24) 


or,  at  a  =  i : 


TO   _ 

io    — 


_  E„  r 


•i 


:\ 


T  0  —  El  3       j 


(25) 


•Substituting: 


tan  a  =  *,  (26) 

'where  a  =  lag  angle  of  induced  armature  currents  I^  and  I^  be- 
hind their  inducing  e.  m.  f.'s  £^  and  K^^ 
dnce  a>  =  phase  displacement  between  E^  and  J^j, 
the  phase  displacement  between  E^  and  Ix  is  a;  4~  ^ 
«      "  "  "         a;  and  U  is  w  —a, 

hence,  substituting  the  real  values  in  (23),  with  (25) : 
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X  -    ^^iV  j  sin  («  +  o)  +  Bin  (a>— a)  l 

=  E^E^y  cosa  sin  «>,  (27) 

since,  from  (26): 

cos  o  =  *, 

y 

it  is: 

r  =  ^  ^  y  sin  o>.  (28) 

the  torque  of  the  motor. 

Snbstitating  (18)  and  (21)  in  (28),  it  is : 

^=  ^,  \^Hg'  +  g^r  +  (ft'  +  ftJ'J  W  -  ffiT  +  (*'  -  *i)'J 

2  (y.  ^-  -V  ft.)  (29) 

i^(y'  =*  +  y.*)*  +  4  07.  ft'  -  y'  ft.)' 
«^  y  (y.  ft'  -  y'  ft.)  i? 


5«  y  V(y' »  +  y,')'  +  4  («7,  ft'  -  y'  ft.)" 
Siiic€« 

^'  =[(</'  +  i^.)*  +  (ft'  +  ft.)']  W  -  !/if  +  (ft'  -  ft.)'] 

=  (y"  +  y.')'  -  ii  {.(ff"  </.  +  ft'  ft.)'  -  (y'  ft.  -  i7i  ft')*], 

it  is,  substituted  in  (29) : 

T  —  ^'  y  (y.  ft'  —  y'  ft.)  v 

27^  ^ 


/.  _  2  [(y'  y,  +  ft'  ft.)'  -  (y-  ft.  -  y,  ft')'] 
/ y'  +  y,»)» 

V  1  -1-  *  (y.  ft'  -  y'  ft.)' 

"^    (y"  +  y.')' 


(30) 


Thus,  approximately: 


yt—  'g'  y  (y.  ft'  —  y'  ft.)  /on 

The  apparent  input  of  the  motor  is : 

Q  =  el,  (32) 

Substituting  (19),  in  (32),  it  is : 

«  =  ^.  (33) 

Thus,' the  apparent  torque  efficiency,  by  substituting  (29) : 

t  =  ^-  -^  y  (y.  ft' -  y' ft.)  (34) 

<?    y' 4/(y"  +  y.')' +  4  (y.  ft' -  y' ft.)' 
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or: 


<=?! 


^  V2  (jy,  i'  -  i,'  J,); 


(35) 


Keglecting  the  second  term  in  the  denominator  of  (34),  it  is : 

_  2  <7  (y,  i'  -  !7'  J.) 


<  = 


y'  (y"  +  y.O 


(36) 


As  seen,  the  apparent  torque  eflSciency  is  very  small  under  any 
circumstance,  except  when  h^  <  0,  that  is,  the  shading  coil  is 
closed  by  capacity. 

As  instances  may  be  considered  the  following  conditions : 

Apparent  Torque  Efficikncy. 


Shading 
Coil: 

^1 

Second- 
ary: 

7 

Primary 
Excita- 
tion: 

^00 

1 

i 

1 
1 

,  Hence: 

i 

1 

1 

Resultant : 

in 

Approx: 

(36) 

1 

t 

exact : 
(35) 

t 

0 

o 

.5 

I.O 

.05+.  »y 

I  7  \    .8/ 

+"•3 

1    .. 
+X1.0 

1 

11.0 

.8+.  6y 

■  •  •  •     ■       1 

«  5+«.4y 

+  ia.a 

+XI.7             14.6 

.6+  .8/ 

I  3+t-6y 

+«o.3 

+  9.7     j       x6.a 

•i+i.oy 

.8+1.8/ 

+  a  a 

+  a.o     1        ao.o 

37 

•4+.3y 

1.0 

i.6-»-x,iy' 

—  X.03 

1 
—  '.03   i       

.8+  .6/ 

■  >  •     ■  •       1 

i.4-fi.7y 

4-3.7 

+  3.7  ; 

.6+  .8/ 

i.a+i.Qy 

4-4.0 

4-4.0  1  

.1-1-1  0/ 

■  •     •       1 

.7+i.i/ 

+  1.16 

4-  1.15       

53 

.3+4/ 

1.0 

i.5fi.7y 

-6.3 

—  6.3     1       ... 

.8+  .ej 

t.3+i.P/ 

4-     •a8 

+    .a8   ;     

1 

■ 

•H-  .8/ 

i.i+2.oy 

+  t.53 

4-  1.53  1    

.i-fi.oy 

.6+a.,y- 

4-   .74 

1 

"T"      .73           *  •    •  •  • 

90 

•  57 

1.0 



1.2+1.37 

—20  0 

— x8  9     1    —18.9 

8+  .67 

•     •  ■  •  • 

1 

1.0+1.9/ 

-  7.6 

—  7-5         —94 

.64-  .8y 

! 

.8+2.1/ 

-40 

—  4.0     ,    —  6.7 

.i+i.o/ 

1 

.3+»-3y 

—     -15 

—  .15  i  —  x.s 

—  37 

.4--3/ 

i.o 

1 

1.6+  .5/ 

4-a6.5 

4-94  3      1 

1    p 

.8+  .tj 

1 

1 

1.4+1  1/ 

+ax.7 

+ao.a     , 

i 

.6+  .8/ 

1 

« H- '3/ 

+17  7 

+15.8     '    1    0^ 

-53 

.3— .4y 

1.0 

1 

1 

«  5+  .4/ 

4-34.8 

4-30.6       ' 

n  SI 
:uit. 

.8+  .6/ 

•        •    •   ■    a 

1 3+«.«y 

+a7.a 

+•3.8 

1 

.6+  .8y 

t.i+i.a/ 

4-«o.3 

+180 

9 
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Then  valuee  are  recorded  M  curves  in  Fig.  18.  As  seen,  they 
are  extremely  smnll,  and  Boniewhat  better,  although  still  low,  by 
the  use  of  capacity  Id  the  shading  circuit. 

The  torque  is  in  some  instances  in  the  one,  in  others  in  the 
other  direction,  according  to  the  relative  power  Actors  of  admit- 
tances y,  and  y. 


1 
If 

1 

i 

\ 

\ 

1 

* 

'   1 

1 

\ 

\M        i  I 

'     3.       \\      ,       '       1       '       ' 

,  '^ 

1   1  ^\l    '    1       1 

1 '  'S\  '   '  i  1 

j  ;  1  1^  1  i  !  : 

\A^.ui, 

1  IJ 

-^ 

Jv. 

i 

Vl^' 

k.,^--M 

\l    U 

k-..k<i 

:  ;  1 

\ 

V 

1  ' 

\ 

^;   1 

\, 

\ 

1 

Fio.  18.— Single  PhHTC  Induction  Motor. 
Starting  Shndtng  C<iil. 

Migutttinf  AitmiliDiiH  of  Umor :    K  =  .t  j  +  i/. 


B.       AC0ELBBATIN< 

Let,  in  Fig.  19, 

e    =  primary  impressed  k.  m.  f., 

I^  =  primary  current, 
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Ij   =  current  in  accelerating  coil, 

J.  =  2i  =  impedance  of  primary  coil,^ 

Zi  =  •'         "   accelerating  coil,^ 

1^00=  magnetic  admittance  per  coil,  primary  or  accelerat  coiV 

Y  =  load  admittance  of  armature,^ 

a    =  ratio  of  widths  of  sections  of  primary  coil  (2-f-l  inFig.l9), 

El  =  E.  M.  F.  induced  per  coil  by  the  one  (1  —  ci), 

Eg  =       '•  ''         "     *'    ''    "    other  (a)  section  of  prim- 

ary  coil,  all  these  values  being  reduced  to  the  primary  coil  by  the 
ratio  of  turns. 

It  is  then : 

Accelerating  coil :         Ii  Zi  =  Ei  —  E2  1  (1) 

Primary  coil :  e^  —  Iq  Zo  =  Ej  +  Ej  \     '    *   '  (2) 

Section  1 :  Ei  j  -i  +  (1  -  a)  y\  +  J,  =  Io  1  (3) 

"      2:         E,|  ?i«  +  ar}  -I,  =Io        J  (4) 


&^ 


Fio.   19. 


the  first  terms  representing  the  magnetizing  current,  the  second 
the  armature  reaction,  and  the  third  the  accelerating  coil. 
(3)  and  (4)  combined  gives : 

2lo  =  E,j  ^  +  al'|  +  E.j  ji+(l-a)r|      (5) 

2  I,  =  E,{  ^f  +  aY\  -  E,  j  j^  +(1  -  a)  y\      (6) 

(5)  and  (0)  substituted  in  (1)  and  (2),  and  transposedi  gives 
after  some  transformations : 

E,  =  2  ^ - LJ? _J - 

{ 3+Zo[:^+(l— a;  7\  \  \  %^Z^\l^  ■\'a7]  [-f  ]  3+Zo[ij^+aF]} 


I    >■ 


1.  See  footnotes  0  to  3  under  **  Shading  Coil.*' 
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E,  =  2  e yj:r-^_ L.  (8> 

same  denominator 

Assaming  the  accelerating  coil  of  the  same  impedance  as  the 
primary  coil : 

Zll      =      ZlQ     =      iOj 

and  a  =  ^,  or  60°  space  displacement,  it  is : 


E.  = 


e 


2+^{n^„  +  o-«)^r 


(9) 


E,  = 


2+Z{    ^+aY\ 


(10) 


and  a  =  \: 


^*        12  +  Z[9  Joo  +  4  y]'  ^^^^ 

Phase  displacement  between  Ej  and  £2 :    (JS^  £1)  =  oi : 

A  («.  .  +,■  .in  »)  =  l|+^^-^« +i^).       (la) 

snbstitnting  for  Z^  Yi  Y^ : 

^  ^^  ^       12+2  (/•-;;  a!)  [  (5-4-9  5'(„)+y(J+9Jto)r 

_[12+r(4y+9yco)+a<4ft+9&«,)]+yCr(4?+9&o,>-a<4y+9groo)] 

[12+2r(^4-9^«,)+2iK*+9J«,)]+2y[r(J+9ft„)-%+9s'oo)] 

(14) 

Substituting : 

2(5^  +  9^00)  =  ^2,      2(i  +  9ioo)  =  J2,      f  ^^*> 

it  is : 

A  (coe  <o  +i  sin  «,)  =  02  +  ry.  +  a;  ^) +i  (r  ^. -aryQ 

[(12+«)r,+!rJ.)(l2+n/,+a-J0+(/'».-ay,X'-*/-<7»)]+i 
[(rftt— .fi/iX  1 2+n/a+.c&j)— (/-^j— icya)(12+r$ri+g^t)] 

(12+/Yy,+^-J,f+(r6,-a-^,)», 
hence : 
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tan  =  (/'&!— >^yi)(12+ry2+.r&2)—(y'^2—^r/2)(12+^i+a^i 

144+12/<<7i+y,)+ 1 2<Ji+ J2)+Ma+*AX^+«fi* 
That  18 : 

tan  io  =        12r(ft^~/y,)— 12.%^— ya)+^'(^iya— yA)  /i6^ 

144+12;lvi+y.)-fI2<i,+'>2)+^"%iy2+W       ^    ^ 
Since  the  denominator  can  never  =  0,  it  is  not  possible  to  pro- 
duce exact  quadrature  Hux : 

a;  =  0 
for : 

12  r  (Jj  —  ?;,)  —  12  a?  (i7i  —  y^)  +  2^  {h,  g^  -g,  b,)  =  0,  (16) 
or  approximately : 

12  r  {h,  —  &a)  —  12x(ff,  —  g^)  =  0, 

a?  ij  —  &2 

substituting  (14) : 

X  _  2b  —  9boQ  __  b  +  4.5  ^qq  .j^ 

r         2g—9goQ        ff-^^^^goo' 
That  is,  if  the  displacement  angle  of  the  accelerating  coil : 

tan  Xi  =  -, 
r 

equals  the  displacement  angle  of  the  armature  plus  4.5  times  the 
magnetizing  current,  the  torque  =  0.  On  one  side  of  this  point 
the  torque  is  in  the  one,  on  the  other  side  in  the  opposite  direc- 
tion. 

This  condition  is  essentially  the  same  as  found  in  "  A,  Shading 
Coil,"  thus  the  further  discussion  can  be  omitted. 

C. — MoNuCYCuc  Starting  Dkvices. 

The  monocyclic  starting  devices  consist  in  producing  ex- 
ternally to  the  motor  a  system  of  polyphase  k.  m.  f.'s  with  single- 
phai?e  How  of  energy,  and  impressing  it  upon  the  motor,  which  is 
wound  as  |)olyphase  motor. 

Such  a  polyphase  system  of  e.  m.  f.'s  with  single-phase  flow  of 
energy  has  been  called  a  monocyclic  system.  It  essentially  con- 
sists, or  can  be  resolved  into,  a  main  or  energy  e*  m.  f.,  in  phase 
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with  the  flow  of  energy,  and  a  teaser  or  wattless  e.  m.  f.,  in 
quadrature  with  the  flow   of  energy  and  thus   with  the    main 

jti»    oLa    r* 

By  combining  these  e.  m.  f.'s,  compound  systems  of  polyphase 
E.  M.  F.'s  can  be  produced,  as  for  instance  a  three-phase  triangle 
with  one  side  as  teaser,  and  the  other  two  sides  as  resultants  of 
teaser  and  main  (Fig.  20,  the  direction  of  the  main  e.  m.  f.  being 
given  by  the  arrow),  or  a  three-phase  triangle  with  one  side  as 
main,  and  the  other  two  sides  as  resultants  of  main  and  teaser 
(Fig.  21),  or  a  quarter-phase  system  of  e.  m.  f.'s  with  the  diagonal 
as  main,  and  the  sides  as  resultants  of  main  and  teaser  (Fig.  22): 

When  derived  from  a  monocyclic  generator,  the  wattless  feat- 
ure of  the  teaser  voltage  is  secured  by  its  internal  reactions,  thus 
not  as  complete  as  when  the  teaser  voltage  is  derived  from  the 
main  voltage  by  phase  displacing  devices.  Thus  only  the  latter 
case  will  be  discussed. 


Fig.  30.  Fig.  31.  Fig.  83.  Fig.  33. 

If  across  the  single-phase  mains  of  e.  m.  f.  e^  two  impedances  of 
different  inductance  factors  are  connected,  the  e.  m.  f.'s  across 
these  two  impedances,  Ei  and  E2,  are  displaced  from  each  other, 
thus  forming  with  the  main  e.  m.  f.  e  on  e.  m.  f.  triangle,  (Fig. 
23.) 

The  altitude  of  this  triangle,  or  the  e.  m.  f.  Eo  between  the 
common  connection  of  the  two  impedances  and  a  point  inside  of 
the  main  e.  m.  f.  e  (its  middle,  if  the  impedances  are  equal),  is 
as  E.  M.  F.  in  quadrature  with  e^  and  a  teaser  voltage,  that  is, 
when  current  is  derived  from  this  e.  m.  f.,  it  droops. 

Such  an  e.  m.  f.  triangle  thus  constitutes  a  monocyclic  system, 
or  a  polyphase  system  of  e.  m.  f.'s  with  single-phase  flow  of 
power,  and  can  be  used  for  starting  a  suitable  induction  motor, 
as  for  instance  a  motor  with  main  and  teaser  winding,  or  a  motor 
with  three-phase  winding. 
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Let,  in  Fig.  24 : 

e    =  E.  M.  F.  between  single-phase  lines, 
I     =  current  in  single-phase  lines, 

Y  =  admittance  of  motor  between  single-phase  lines  1  and  8, 
I  ^  =  current  flowing  through  this  admittance  between  1  and  2, 
Yij  E],  Ii  =  admittance,  e.  m.  f.  and  current  in  impedance  1, 
y,,  E3,  I2  =  admittance,  e.  m.  f.  and  current  in  impedance  8, 
J^oj  Eo,  lo  =  admittance,  e.  m.  f.  and  current  of  motor  circuit 
in  quadrature  to  the  main  motor  circuit,  or  from  3  to- 
wards (1,  2), 

Eo  =  v+i^o^ 

Ii'  =  current  entering  terminal  1  of  motor, 

I,^  =  current  leaving  terminal  2  of  motor, 

Ig  I  and  Is  2  =  current  flowing  from  3  to  1  and  2  respectively. 

The  directions  in  which  these  e.  m.  f.'s  and  currents  are 
counted,  as  shown  by  the  arrows  in  Fig.  24,  the  e.  m.  f.  triangle 
shown  in  Fig.  25. 


Fig.  25. 


Fio.  24. 


1 
1 


It  is  then : 

El  +  Ej  =  e, 
K2  —  El  =  2  Eq, 

Ii  —  I2  =  I(h 

I,  =  i\  E„ 

lo  =  2o  Eoi 
Substituting  (3)  and  (4)  in  (2) : 

Vi  El  =  Yz  Ea  =11^0  Eo, 
From  (1)  we  get : 

El  =  -  —  Eo, 

E^  =  -  +  Eo, 


(1) 

(2) 

(a) 

(5). 


(«> 


(8) 
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Substituting  (6)  in  (6),  and  transposing : 

Substituting  (7)  in  (6) : 

E^  _  g    2  r.  +  r, 
^     2  r.  +  r,  +  y. 

Substituting  (7)  and  (8)  in  (3)  and  (4) : 

•     2  r,  +  y,  +  Ji 

J  _  ^  r,  (2  r.  +  :ro) 
'     2  r.  +  r,  +  Fo 

It  is,  frona  diagram : 

I.  = «  r,  (11) 


(9) 


(11) 


I  =  V  +  I,  =  V  +  I,.  (13). 

^abstituting  in  these  equations  (12, 13)  the  equations^d,  10, 11). 
gives : 

T.  _  ^!iri    ^-(r.-r,))     ^         ^  ^' 

T_  <?  j  ±  vj_  4  r;  J^8  +  Yj  Zq  +  i^»  y"o i      i-iRx 
^-ir^  + r,+  r.+  ro. \      ^^^>' 

The  total  vol^amp€re  input  of  motor  and  starting  device  is]: 
Q^  el, 

-^[±Y-  4  3-.  r,+  r,  y,+ r,  r.-]       ... 
-41*-^ r.  +  r.+  To J       ^^*>' 

that  of  the  motor  alone : 

Q'  =  eI^  +  E,J^.  (17) 
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In  a  polyphase  motor,  the  yolt-ampere  input  of  the  two  qnad- 

ratnre  flaxes  is  equal,  thus  in  the  motor  Man  polyphase  circuit  it 

is: 

Qo  =  2er  =  2i?y.  (18) 

Thus  the  ratio  of  apparent  inputs : 


(19) 


The  ratio  of  torque  of  this  motor  JU  with  monocyclic  starting 
•device  to  the  torque  of  the  same  motor  on  polyphase  circuits  is 
obviously  the  ratio  of  the  quadrature  flux  produced  by  the  teaser 
voltage  £^  to  the  quadrature  flux  in  the  polyphase  motor,  that  is 
the  main  flux  produced  by  e. 

Hence,  if  y  =  ratio  of  number  of  effective  turns  of  the  cross 
circuit  Yo  to  the  main  circuit  JT,  a  polyphase  flux  would  require 
in  tliis  cross  circuit  the  impressed  e.  m.  f.  q  e^  and  thus,  if  ^  = 
imaginary  or  quadrature  component  of  the  cross  e.  m.  f.  Eq  = 
^  +i  ^"^  ^^  ^*^^  ^f  torque  by  monocyclic  starting  device,  T, 
to  polyphase  torque  T^q,  is : 

To       qe 

Hence  the  relative  apparent  torque  efliciency,  or  ratio  of  ap- 
parent tonjue  efficiencies : 


(20) 


T..  Qo 


(21) 


If  the  motor  J!f  is  wound  with  main  circuit  and  teaser  circuit 
of  one  quarter  as  many  turns  of  the  same  size  as  those  of  the  main 
circuit,  ^  =  J, 

if  it  is  wound  with  two  equal  circuits,  as  quarter  phase  motor,  it 
is :  q  =  1  or:  q  i, 
if  it  is  wound  as  three-phase  motor,  it  is  :  ^  =  ^  1^3  =  .866. 

These  three  are  the  most  important  arrangements. 


Fig.  26.       Fio.  27. 


Fio.  26.    Monocyclic  Motor  : 
Fio.  27.    (Quarter- phase  Motor : 
Fio.  28. 
Fios.  26  to  80.  Three-phase  Motor  : 


Fio.  29. 


9 


1. 
h 
i  VS. 


To 

r. 

To 
To 


Fio.  30. 

T 

4/9  T. 
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Sabstitating  these  values  in  equations  (7)  (10)  (15),  it  is: 
1.    Monocyclic  Motor  :  q  =  .25,      yi  =  *  Y. 

1?    ^  Y\  —  ^2 

"     2  r,  +  1',  +  4  r 

3,     Quarter-phase  Motor,  connected  for  j  =  1,   T^  =  1^: 

E    =  £      ^1  —  ^ 

"     2  Ti  r,  +  r ' 

T  —  ^   -^  ( -^1  —  -^2)  /'O.Q\ 

^'  -  2  T,+  Y,Y'  ^^^^ 

I  =  g4r'  +  5rr;  +  5rr"a  +  4r,F, 

4  r^+r^+r 

3.  Quarter-phase  Motor,  connected  for  y  =  .5,      yi  =  *  ^5 

1?    £  ^1  —  ^2 

•~2  y,  +  r,  +  4  r' 
T  - .  y'  +  2  r  r.  +  2  r  r,  +  r  3% 

rrTTTTxr 

4.  Three-phase  Motor:    j  =  ^  4/3^     Zo  =  */3  Y. 

TT*      __    ^  -I'^l  ""-    ^2  ^  ^  I-  \  -*  2 


2r",+  yj+4/3r      2  3  r;  +  r, +  4  r' 

T  _  2^      r(r.-r,)     _  ^       r(r.-r, 
^  ~  T  r,  +  r,  +  4/3  r  -  ^  ^  OTTsTT+rr 

(25) 

_  O  ^  T^ ,  4  r,  r,  +  4/3  r  y.  +  4/3  r  r,  _ 
~  4 1      "^         2  r,  +  r,  +  4/3  y         ~ 

4  y  +  4  r  r,  +  't  y  y»  +  3  Fi  F, 
3  F,  +  3  y,  +  4  F 

The  meet  important  combinations  of  impedances  are : 
Besistance  —  induotance,  as  the  simplest  device. 
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Capacity  —  inductance,  as  giving  the  highest  cross  e.  m.  f.  Eq. 
and  thus  best  starting  torque  and  tonjue  efficiencies,  and 

Combinations  of  both,  as : 

Non  inductive  resistance  —  reactive  coil, 

Electrolytic  condenser  —  reactive  coil,  etc. 

The  three-phase  motor  with  monocyclic  starting  device,  con- 
sisting of  resistance  —  inductance,  is  the  only  type  of  single- 
phase  induction  motor  which  has  found  an  extensive ^conmiercial 
application,  in  sizes  from  i  h.  p.  to  100  h.  p.,  and  thus  will  be 
more  fully  discussed. 

{a).  Resistance  —  Iitductiince, 

Lpt,  in  a  three.pliase  A  connected  motor,  Y^  =  (f  -^-j  b^  =  ad- 
mittance per  motor  circuit.  (In  a  1'^  connected  motor  with  admit- 
tance Y^  *  per  circuit,  the  A  admittance,  or  admittance  reduced 
to  A  connection,  would  be :   Y^  =  J  I"*  ^) 

Let  Yi  =  r,      Yi  =  -\-j  a. 

Introducing  the  substitution : 

Y'  =  aA  =  a{r  +j  ^),         »  =  VfTW> 
where  «>  is  the  ratio  of  the  absolute  admittance  per  motor  circuit 
to  that  of  the  resistance  or  inductance  of  the  starting  device. 
In  the  three-phase  motor  v/ith  A  admittance  Y^  it  is: 
Y  =  1.5  Y^  =  1.5  a  A  =  admittance  between   single-phase 

mains, 
Yo=  2  Y^  =  2  a  A  =  admittance  of  cro8s*circuit,*and 
a   =  i  Vs  =  ratio  of  effective  turns  of  teaser  or  cross  circuit 
to  main  circuit. 

Substituting  these  values  in  the  preceding  equations,  it  is : 

E   =  -         ^  —->'-- 

'        2  1" +7  +  2  J' 

^.-^r+7+2-r 

E.  -  .         ^  +  ^' 

^"   i'+7+2;r 


li  =  e  ft 


J  +  ^i 


l+J+2 A 


•^        l+J  +  2  A' 

lo  =  e  a  A .      ^ — -, 

l+J+2  A' 
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r  =  1.5  ^  a  j^, 

Tl  .     1   +  2i+  3  yl 

I.^  =  e  a  A   — 1 — f—^ — ^  , 

i+i  +  'il 

2  2       1  +_;4-2^ 


Quadrature  component  of  E^ : 

lielative  torque : 

T 


t  = 


Ta 


_  e,}  _    \    r      I j     "|l 


where  T^A  =  three-phase  torque. 

In  the  following  Table  II.  are  calculated  the  relative  torque, 

TABLE   II. 

RESISTANCE  —  INDUCTANCE. 

Z=.l—  .3/      }"=:.Ol+.l;.      ^=110. 


I  o     8.8o  '  176 

i     I 
.15  '  18.15  I  160 


.5 
i.o 


24. 75 


"4 


I 


ai  90   85 


1.5   '  '6.90 


64 


F^- 

rp^: 

.4  7A;a: 

1 

•3»5 

1 

1       QiS 

•  Mj 

•49« 

.870 

1 

•  *4  >        . 

.740 

1      .670 

•'^'5 

.870 

1      ••4*>5 

.785        1 

.890 

•45s 

8.5        1 

}'»: 


«u^  : 


n=  6:  a=l :  a-2:  a=4: 

160  .505-|-'-S'?yi  9  4    16.4   258   52.3 


I  46  .7154-'  37  j\  10  6 

I 

I.I  {  .Si^-L  .75:7*1  '3  » 

77 {  .^it>\-  .38 y,  .... 


.580   5l6-j-  .7f,-  y'.  3D. 7 


17.8  97  o   52.6 

21.2  30.6   535 

a6.6  

3'»  3  390   54-6 


1 

t 

T 

R: 

rt  =  .5: 

a=\ 

a=2: 

rt=;: 

rt  =  .fi: 

rt=l: 

rt=2: 

0 

.Oy9 

.172 

.273 

.548 

.87 

1.51 

2.40 

40a 

•»5 

.III 

x88 

.28j 

•55» 

3.'>7 

3  ♦« 

5.»5 

10.00 

•5 

•134 

.923 

■3" 

.56» 

3.40 

5-r2 

7  95 

1390 

1.0 

•»73 

6.05 

«5 

.•17 

.3.8 

4« 

•573 

3-67 

5- 40 

6.92 

9.70 
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/ 

A 

I 

R: 

fl=.5:       ^1=1:       «=2:      ^=4: 

t/=.5: 

a=\\    a=2: 

«=4: 

o 

ioo+a65y    lai+aSj/    170+333/    3*4+445/ 

983 

308         365 

545 

.«5 

»35+»a5y    «5H-«44/    903+887/    343+4»5y 

96a 

290           35« 

53« 

•5 

154+1497     «75+«*3y    aa3+a">    353+343> 

210 

240           J07 

499 

s.o 

«49+»05y 

189 

«-5 

103+63/      xa6+88y      176-1-140/    a98+»68/ 

121 

154           •29 

401 

P 

tip 

R: 

«— .5: 

a=\:      a=2: 

«=.6: 

a—\:      a=2: 

a=4: 

0 

.537 

.538          .692 

1.03 

.184 

.993          .394 

•53« 

•XS 

•545 

.606           73^ 

i.ia 

.903 

.310          .386 

•493 

.5 

.565 

.646          .827 

1.39 

•343 

•345           390 

•4*5 

1.0 

.7«3 

.390 

»  5 

.930 

.803           X.17 

a. 09 

■344 

.397          .350 

•73 

in  fraction  of  the  polyphase  motor  torque  t. 

Torque,  in  synchronous  k.  w.,  T, 

Total  current  input,  /,  inclusive  starting  device, 
for  the  motor : 

Z=  A—  Aj,  Y=  .01  +  .1,;,  6  =  110; 

for  the  additional  armature  resistances : 

li  =  0,        .15,       .5,        1.0,        1.5, 

and  the  constants  of  the  starting  device : 


a  =  .5,         1,         2,         4. 


Since  a  single-phase  motor  is  generally  operated  at  30  per  cent, 
higher  density  than  the  same  motor  as  polyphase  motor,  and  is 
rated,  at  this  higher  density,  at  |  the  output  of  the  polyphase 
motor,  in  Table  III.  the  corresponding  values  are  given,  and 
plotted  in  Figs.  31,32  and  33  for  this  motor  as  three-phase  motor, 
and  as  single-phase  motor  at  30  per  cent,  higher  magnetic  density, 
that  is  rewound  with  ^^  times  as  many  turns  of  1.3  times  the 
cross  section,  or  of  constants: 

Z  =  .059  —  A71j.         y=  .0169  +  .169/,        e  =  110. 

li  =  0,       .2535,       .845,      1.69,     2.535. 

a  =  .845,         1.69,        3.3S,        6.76. 
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TABLB  III. 


P  F 

A. 

A  T  E 

TE 

/?. 

tf=s.6: 

asl:   a=8:   a=4: 

A: 

tf=.6:  tf=l:  tf  =2:  a=4:  A  : 

a=s.5:  a=l:  a=2:  as4:  A  ! 

o 

35* 

»93     465     58.0 

3»-5 

S.8      4.5        60    815     15.3 

7  9    11.4    13.9    14.1     51.5 

.«5 

5*5 

54.0     57.6     6a.o 

49.0 

6.9    to  6      13. 1     168    34.0 

13  4    S9-6    39.8    37.0    69.5 

•S 

73-5 

73  5     7»-7     7ao 

74.0 

15.0    ai.3      94  0    a6.3    61.5 

20.4    38.8    33  0    36  4    83.0 

I.O 

8a.o 

87.0 

306                          78. 5 

37.3                         90'4 

«-5 

85.0 

8*.o     78  3     74.5 

8q.o 

38.0    33.4      a8  5    aa.3     15.8 

330    396    36-4    a9-9    9«.fi 

T 

c 

/ 

> 

— \ 

R: 

«=  6: 

a=l: 

«=»: 

tf=4: 

A: 

tf=.6: 

a=\: 

«=«: 

tf=4: 

A: 

0 

«.47 

a-55 

4.0s 

8.14 

8.80 

478 

sac 

617 

930 

5*8 

.«5 

340 

5-75 

8.7 

16.9 

18.15 

44« 

400 

593 

910 

480 

•5 

5  74 

933 

«3.4 

83.5 

94.75 

355 

405 

5t8 

830 

37a 

1.0 

10  9 

91.90 

307 

255 

«.5 

1 

6.ao 

9.1 

11  7 

16.4 

16.90 

904 

960 

380 

676 

193 

The  thrce-pha«.c  motor 
is  rated  at : 

Output,  full  load 15  45  K.  w. 

Full  load  current,  total 184   araps 

No  load  current,  total 33      " 

Maximum  output ar.o    K   w. 

Full  load  torque 16.5      ** 

Nfaximum  torque 74-75    *' 

Maximum  torque  with  starting  device a=.s: 

i: 
9: 


The  stngle«phase  motor 
IS  rated  at : 

fo.8  K   w. 
143  amps. 
51    •* 

154   K.  W. 


Current  with  starting  device,  at  full  load  torque a=i.a 


3: 


II. 1 

16.7 

6.4 
10.3 
13.8 

23-5 
305  amps, 


*4 


tt 


From  Figs.  10,  11  ani  12  of  my  previous  paper  on  the  poly- 
phase induction  motor  are  taken  the  values  of  the  first  columns 
of  Table  II: 

T^  =  three-phase  torque,  or  three  times  torque  per  circuit,  as 

given  in  Fig.  2  of  previous  ])aper, 
7^  =  three-phase  current   per   circuit,  absolute,  from   pre- 
vious paper, 
P 1^^  =z  three-phase  power  factor,  from  previous  paper, 
1  F^'='  three-phase  induction  factor,  calculated    from  power 
factor,  =  |/1  —  PF}, 
A  T E^  =  three-phase  apparent  torque  efficiency,  from  previoas 

paper. 
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y'  =  abwlnte  admitUnee  per  three-phase  A  circuit  =  — ^, 
r"'=  vector  admittance  per  three-phase  A  cirenit 


.M.,iToi,4=H"= 

1 

A-- 

4' 

^ 

"ba,^^- 

^ 

r^ 

l> 

r^ 

> 

1   1 

t    1 

: 



'.f^-'^: 

'-■  1    ' 

■  ,'■  '     TORq6e  EFf  ICrEN 

:v 

i 

'     '    /^4>'^'^ 

■s 

^ 

r* 

j_ 

1 

(1.    ;'t. — Sinfflc    Phasi.'    IiKiiittlo 

Mmor. 

Monocyclic  Starling  Device. 


Fia.    H3.- Silicic    Phase   Induction 

M.iior. 

Monoejclic  Sldrting  Device. 


r  cross  K.  M.  F. 
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1  -=>  e  a  A    ; 2, 

1  +  ;  +  2  il' 

1  =  ///, 


3  /, 


=  ratio  of  single-phase  and  of  three-phase  current, 


-  =  ratio  of  single- phase  and  of  three-phase  apparent 

torque  eflSciency. 

Herefrom,  in  Table  III,  for  this  motor  as  three-phase  motor,  and 
as  single-phase  motor  at  30^  higher  magnetic  density,  and  e  == 
110: 

P.  F,^  =  power  factor,  from  /,  for  a  =  .5,  1,  2,  4,  or  rather: 
a  =  .845,  1.69,  3.38  and  6.76,  and  for  three-phase,  A  : 

A.  71  ^.  =  -  A,  T,  K  .     for  «  =  .5,  1,  2,  4,  or  rather :  a 

p  A, 

=  .845,  1.69,  3.38  and  6.76,  and  for  three-phase,  A: 

T.  E.  =4:-Zl-^-.    for  a  =  .5,  1,  2,  4,  or  rather:  flf=:  .845, 

l.r>9,  3.38  and  6  76,  and  for  three-phase.  A: 

Total  current,  /,  for  a  =  .5,  1,  2,  4,  or  rather:  a  =  .845,  1.69, 
3.38  and  6.76,  and  for  three-phase,   a:  =3  I^. 

Torque  T.  Power  input  P,  Volt-ampere  input  Q. 

These  values  are  plotted  in  Figs.  31,  32  and  33  with  the  ex- ^ 
temal  secondary  resistance  li  as  abscissae      The  resistance  li  re- 
fei's  to  the  three-phase  motor,  and  thus  in  the  single-phase  motor 

is  — —as  high,  due  to  tlie  higher  density. 
1  3' 

As  seen  from  these  tables  and  diagrams,  the  torque  and  cur- 
rent curves,  as  function  of  the  secondary  resistance,  have  with 
the  monocyclic  starting  device  b  ej  resistance — inductance  the 
same  general  shape  as  with  the  polyphase  motor. 

(  ho<)^ing  in  the  single- phase  motor  a  30^  higher  density,  the 
maximum  available  starting  torque  is  about  the  same  as  with  (he 
three-phase  motor  (thus,  when  rating  the  single-phase  motor  at 
about  I  the  capacity  of  the  same  motor  as  polyphase  motor,  a 
larger  percentage  of  full  lead  torque  than  on  polyplm.se  circuit.) 
Til  is  starting  torque  however  re<iuires  a  very  nmch  larger  current 
than  with  the  polyphase  motor,  from  two  to  three  times  as  mucli 
at  a  =  4. 
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The  eiogle  phaee  motor  can  start  with  about  the  same  current 
as  the  polyphaee  motor,  but  gives  in  this  case  only  about  one 
third  the  torque,  ata  =  .5. 

lu  the  diaxi*^!!^  (Fig.  31)  are  marked,  alBO  the  current  consumed 
in  the  monocyclic  starting  device  (at  4S°  lag)  with  the  motor 
disconnected  therefrom,  and  tho  full  load  currents  of  the  motor 


■ 

:roi 

BE 

H.F 

^ 

„^ 

t  — 

- 

— 

t^p--— r^ 

■^ 

,___ 

la^.V-h't' 1 

I      '            1 

1 

WER  F. 

OTOfl 

^ 

^'^•'- 

.^^-^-%.. 

1 

'1 

> 

79BQUE 

/^ 

/       r 

^^' 

ITMT 

t      X 

»,« 

^  ti'2'^-'t:~ 

m 

'^■j_\/      Ty 

_  "*" 

-■! /    -^ — ^ — r 

'"T/y/j^^       1                          1 

1^^          1                          1                          t 

um 

1   ClitBEJHT                   'I 

^■« 

:         ><"i^ 

M 

ij^i^^__ 

m 

;  i 

^  i  ;  .  1  n^~ 

:5 

Fill.  83. — Sinelfl  Phase  Iniluclion 

Motor. 

Starting;  Device. 


Fio.    84.— Sinde    Pha^   Induction 

liIo;or, 
Monocyclic  Start  in™  Device. 


without  starting  device,  the  motors  being  rated  at  |  their  maxi- 
mum torque  OS  full  load  torque. 

h.— Capacitt. — Inductance. 
Let,  in  a  tliree-phane  motor,  Y^  =  g^  -{-  j  b*  =  admittance  per 
motor  circuit,  reduced  to  A  connection. 
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Let: 

Y,  =  +ja, 
Yi  =  —j  a. 

Substituting : 


r  •  =  a  4   z=  a.  {j  ■\- j  ^),     &  =  Vf-\-^,iX.\&,  in  the  three- 
phase  motor : 

r=  1.5  r'  =  l.Sa^, 

?  =  i  V3- 
Hence,  substituting  these  values  in  the  general  equation,  it  is : 

K  -  '^  ^ 

K  -  ^j, 

p  -  t  A_±J 
/    _  en  1  +j  A 

r        ea  \~J  A 
^^  9  ^i^  ^i ^5 o- 7' 


^^  r  ; 


J    r  T' 


y^  =   1.5  ^  a  ^  , 

^2'  =  '-^'G^.i  +.;s 


I  = 


_  e  rt  1  +  3  y^ 


2  .1 

Relative  torque : 

7;         q  e        «?« va 
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Relative cun-ent or  volt-ampere  input: 

ICi  +  s^l 


,-^[l+B4'J 


Flu.  3fl.— Single  Phase    Induction 

Slotor. 
Monocyclic  St«rtiii|;  Doviee.  StnrtitiK   Device. 

'  Thrc"'  PhtM.vToh.r'  "'  '  "ihrM  Ph««  "Mmoi 

'=.c,  +  .,/.  z  =  .,-.}/.    ..oVoii.,         r  =  .o.'+../.    z^.,-ij.    iioVoiit 

In  Tabic  IV.  are  calculated,  and  plotted  on  Figs.  3+,  35  and 
16,  the  values  iif : 
Relative  Torque :  t. 
Vector  Current :  /. 
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Relative  Current :  p. 

Relative  apparent  torque  efficiency:  - 

Power  Factor. 

Apparent  torque  efficiency. 


TABLE  IV. 


CAPACITY 


INDUCTANCE. 


z  =  .1— .sy. 


^=.01  +  .!^. 


^  =  110. 


t 

/ 

R: 

tf=.5: 

«=1: 

fl=2. 

rt=l: 

fl=2: 

o 

.057 

"5 

.228 

111+242/ 

94+317/ 

ia6+i3o/ 

•15 

•097 

•»94 

.38« 

"3+aosy 

«37+«7«y 

192+  76/ 

S 

.189 

.378 

.760 

M7+«i7y 

«74+  9a  y 

282-6.6/ 

z.o 

•330 

.660 

»3»5 

xa6+  54/ 

»73+  "7/ 

36a—  77/ 

«.5 

.44« 

.8^3 

X.760 

xoH-  33/ 

«^+  .«y 

423—128/ 

P 

• 

t/p 

R: 

tz=.5: 

«=1: 

«=2: 

r 

a=\: 

■    N 

0 

.500 

.445 

•33 

.113 

.282 

.690 

.«5 

.500 

•457 

•435 

.194 

•425 

•893 

•5 

.506 

•530 

.76 

•s'^s 

.716 

1.00 

I.O 

.538 

.688 

.     »-45 

•614 

.962 

.910 

>.5 

.580 

.880 

a-3> 

.762 

I.OO 

.765 

PI 

I 

1 
1 

A  TE 

TE 

' 

^  1  •' 

'\ 

f 

^ 

R: 

«=.5: 

<i=l:   a=. 

2:  ^  :  ^i     .5: 

a=z\\  a=2: 

A  : 

a—.h\ 

a—\\  a=2: 

A: 

0 

41.8 

40.0      72.4 

3»-5        X.72 

43        «o-4 

15-3 

4« 

10.5      14.5 

5»-5 

.'5 

5«.4 

62.5      92.3 

49.0        6.6 

14.4      30-3 

34.0 

12.8 

23.1      32.8 

69.$ 

.5 

78.0 

88.4      100 

74.0      23.4 

44.0      61.5 

61.5 

28.7 

49-8       61.5 

83.0 

1.0 

94.0 

98.6      97.8 

87.0   1  48.2 

75.5      7x4 

78.5 

52.5 

76.7       73.0 

90.4 

«.5 

95-5 

too        95.7 

89.0      6a.o 

81.5      62.3 

8t.5 

65.0 

6a       65.2 

91.6 

94 
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1 

T 

at  3c  per 

crnl.  higher  dentity: 

at  30  per 

cent,  higher  density: 

R: 

fl=.6: 

tf=l:         <|=2: 

A: 

«=.6: 

a=l:     a=8: 

a: 

o 

.85 

«.9              3-4 

8.8 

450 

397          •93 

5«« 

,       »5 

30 

5.6             XI.9 

18  15 

403 

370             35« 

480 

•5 

7.8 

158            31.8 

a4-75 

3«7 

333          476 

37« 

I.O 

19. 1 

94.3            48.6 

91.90 

»3« 

996          695 

>5S 

»-5 

X9  6 

95.  a            50.2 

16.90 

188 

■85              745 

199 

Torque  efficiency  of  the  three-phase  motor : 

Z  =  .1  —  Zj,  r  =  .01  +  Ij,  e  =  110, 

with  single-phase,  capacity-inductance  monocyclic  starting  deyise 
of  admittance :  c^  =  .5,  a  =  1,  a  =  2,  and  the  values  of  torque. 
Total  current  input  of  the  motor  as  three-phase  motor,  and  as 
single-phase  motor  at  30  per  cent,  higher  density  (that  is,  of  the 
constants : 

Z  -  .059  —  .177^,  Y  =  .0169  +  .169^,  e  =  110, 
a=  .845,  1.69,  3.38. 

As  seen  herefrom,  by  means  of  condensance-inductance  as 
monocyclic  starting  device,  the  motor  can  be  started  with  a  torque 
far  in  excess  to  its  maximum  torque  as  three-phase  motor ;  its 
power  factor  is  higher  than  on  three-phase  circuit,  its  torque 
efficiency  lower,  and  its  apparent  torque  efficiency  about  equal  to 
that  of  the  three-phase  motor. 

While,  however,  with  the  resistance-inductance  starting  device, 
the  general  shape  of  the  curves,  as  the  change  of  torque,  current, 
etc.,  with  the  secondary  resistance  of  the  motor,  is  of  thp  same 
character  as  with  the  three-phase,  showing  a  gradual  approach 
from  the  single-phase  shape  towards  that  of  the  three-phase 
motor,  with  increasing  c7,  it  is  in  the  capacity-inductance  device 
essentially  different,  the  more,  the  larger  the  capacity  admittance 
a  is.  For  instance,  with  a  =  2,  the  current  is  a  minimum  with 
short-circuited  secondary,  and  rises  very  greatly  with  increasing 
secondary  resistance — just  the  reverse  of  the  three-phase  motor. 
In  general,  by  the  use  of  capacity,  the  high  range  of  the  curves 
is  short,  that  is,  the  curves  are  steeper. 

A  more  complete  discussion  of  the  effect  of  capacity  mnsti 
however  be  reserved  for  a  separate  paper. 
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c).  Polarization-Jndnctance. — Afl  further  inetance  of  the 
monocyclic  Btarting  device  of  fiogJe-phase  motors  are  ehowD  in 
Fig.  '61,  the  curves  of  the  three-phase  motor, 

Z=  A  —  .Zj,  y  =  .01  +  .\j,  e  =  110, 
or,  as  single-phase  motor  rewound  for  1.30  times  the  magnetic 
density,  as : 

Z  =  .059  —  .177^,  y  =  .0169  +  .169^'.  «  =  110, 
with  an  inductance  of  .10  power  factor  and  an  electrolytic  con- 
denser, or  series  of  polarization  cells  (which,  aa  known,  act  like  a 
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°  Fio.   88.— Single  Phue   Induction 

Fio.  37.-Single  Phase   Induction  c™d««"of"- ,„/ >)"«!!?.;«.  in  Shun. 

Motor.  d(  Secoad.       Sell  Induci  of  +  a/  AdmitUDcc 

Moiiocvclic  Starting  Davice.  in  Shumof  Third  phu*.      Condenitt  Adjujud 

K,  =  .,;+i.s./.       r,=  i.i8-.,.B/  Adn„ii.n«p..  A   Crcmr^    ^  =..9-|-..s/ 
Three  PIukVoidc  Tbm-PhBM  Motor 

!'=,<., -I-../.         Z=.l-.3/.  K=,oi+,r>.        Z=-l-.3/. 

leaky  condenser,  or  condenser  of  high  power  factor)  of  .707  power 
factor  (■15*'  lead),  corresponding  to  c  =  1  in   the   previous  in- 
stancee. 
It  is  thus : 

r,  =  .1  +  .Qj,  y,  =  .707  —  .707^, 
or,  rednced  to  the  motor  of  30  per  cent,  higher  density. 

Ti  =  .17  +  .i52j;,  ri  =  1.18  —  i.isj. 
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As  seen,  the  curves  show  the  same  characteristics  as  the  three- 
phase,  and  the  resistance-inductance  curves,  being  intermediate 
between  them. 

That  is,  torque,  torque  efficiencies,  etc.  are  higher  than  with 
the  resistance-inductance  device,  but  lower  than  on  three-phase 
circuit,  except  the  power  factor,  which  is  higher. 

These  curves  do  not  show  ar^y  of  the  peculiarities  of  the  con- 
densance-inductance  curves.  That  is,  due  to  the  high  power  fac- 
tor of  the  electrolytic  condenser,  all  resonance  phenomena  have 
disappeared. 

In  the  preceding  instances  the  absolute  values  of  admittances 
Yi  and  Y2  have  been  assumed  as  equal. 

To  investigate  the  effect  of  a  change  of  one  of  these  values,  in 
Fig.  38  are  plotted  for : 

1\  =  -  .375^, 

that  is,  constant  condensance,  and  varied  inductance,  with  the  in« 
ductive  reactance  a  as  abscissae,  and  the  total  admittance  per  J 
circuit  of  the  motor,  of  1"^  =  .49  +  .25^,  the  values : 

Starting  current,  in  per  cent,  of  full  load  current ; 

Starting  torque,  in  per  cent,  of  full  load  torque ; 

Apparent  torque  efficiency,  in  per  cent.,  and 

Apparent  torque  efficiency,  in  per  cent,  of  that  of  the  three- 
phase  motor  or  relative  apparent  torque  efficiency. 

The  admittance  of  the  motor,  Y^  =  .49  -f  .25^,  corresponds 
to  i  load. 

The  condensance,  Y2  =  —  .375  a,  is  such  as  would  make  the 
power  factor  at  f  load  100  per  cent.,  when  connected  across  the 
main  circuit. 

As  seen,  the  changes  with  varying  a  are  comparatively  small 
over  a  wide  range. 

The  starting  torque  is  a  maximum  at :  a  =  .65. 

The  apparent  torque  efficiency  is  a  maximum  at :  a  =  .55. 

The  relative  apparent  torque  efficiency  is  a  maximum  at :  a  =  ,IL 

The  starting  current  increases 

from  1.08  times  three-phase  current,  at  a  =  0, 
to  1.32  times  three-phase  current,  at  a  =  1.5. 

§3.    ACCELERATION    WITH    STARTING   DEVICE. 

The  torque  of  the  single-phaEc  induction  motor  (without  start* 
ing  device)  is  proportional  to  the  product  of  main  flux  or  magnetie 
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flux  produced  by  the  primary  impreB8ed  e.m.  f.  and  the  speed. 
Thus  it  is  the  same  as  in  the  polyphase  motor  at  or  very  near 
synchronism,  but  falk  off  with  decreasing  speed  and  becomes  zero 
at  standstill. 

To  produce  a  starting  torque,  a  device  has  to  be  used  to  impress 
an  auxiliary  magnetic  flux  upon  the  motor,  in  quadrature  with 
the  main  flux  in  time  and  in  space,  and  the  starting  torque  is  pro* 
portional  to  this  auxiliary  or  quadrature  flux.  During  accelera- 
tion or  at  intermediate  speeds,  the  torque  of  the  motor  is  the  resul- 
tant of  the  main  torque  or  torque  produced  by  the  primary 
main  flux,  and  the  auxiliary  quadrature  or  starting  flux.  In  gen- 
eral this  resultant  torque  is  not  the  sum  of  main  and  auxiliary 
torque,  but  less,  due  to  the  interaction  between  the  motor  and  the 
starting  device. 

All  the  starting  devices  depend  more  or  less  upon  the  total 
admittance  of  the  motor  and  its  power  factor.  With  increasing 
speed,  however,  the  total  admittance  of  the  motor  decreases  and 
its  power  factor  increases,  and  an  auxiliary  torque  device  suited 
for  the  admittance  of  the  motor  at  standstill  will  not  be  suited 
any  more  for  the  changed  admittance  at  speed. 

The  currents  induced  in  the  secondary  by  the  main  or  primary 
magnetic  flux  are  carried  by  the  rotation  of  the  motor  more  or 
less  in  quadrature  position  and  thus  produce  the  quadrature  flux, 
giving  the  main  torque  as  discussed  in  the  flrst  paragraph. 

This  quadrature  component  of  the  main  flux  induces  an  e.  m.  f* 
in  the  auxiliary  circuit  of  the  starting  device  and  thus  changes 
the  distribution  of  currents  and  e.  m.  f.'s.  in  the  starting  device* 
The  circuitH  of  the  starting  device  then  contain  besides  the  motor 
admittance  and  external  admittance  an  active  counter  e.  m.  f., 
changing  with  the  speed.  Inversely  the  currents  produced  by 
the  counter  e.  h.  f.  of  the  motor  in  the  auxiliary  circuits  react 
upon  the  counter  b.  m.  f.,  that  is  upon  the  quadrature  component 
of  main  flux  and  change  it. 

Thus  during  acceleration  we  have  to  consider : 

Ist.  The  effect  of  the  change  of  total  motor  admittance,  and 
its  power  factor,  upon  the  starting  device. 

2nd.  The  effect  of  the  counter  b.  m.  f.  of  the  motor  upon  the 
starting  device,  and  the  effect  of  the  starting  device  upon  the 
counter  b.  h.  f.  of  the  motor. 

1st.  The  total  motor  admittance  and  its  power  factor  change 
Teiy  much  during  acceleration  in  motors  with  short-circuited  low 
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Tesistance  secondary.  In  sncb  motors  the  admittance  at  rest  is 
very  large  and  its  power  factor  low,  and  with  increasing  speed  the 
admittance  decreases  and  its  power  factor  increases  greatly.  In 
motors  with  short-circuited  high  resistance  secondary,  the  admit- 
tance also  decreases  greatly  during  acceleration,  but  its  power 
factor  changes  less,  being  already  high  at  standstill.  Thus  the 
starting  device  will  be  affected  less.  Such  motors,  however,  are 
inefficient  at  speed.  In  motors  with  variable  secondary  resistance 
ithe  admittance  and  its  power  factor  are  maintained  constant  dur- 
ing acceleration  by  decreasing  the  resistance  of  the  secondary  cir- 
cuit in  correspondence  with  the  increasing  counter  e.  m.  f.  Hence 
in  such  motors  the  starting  device  is  not  tbrown  out  of  adjust- 
ment by  the  changing  admittance  during  acceleration,  and  they 
^re  thus  preferable. 

The  investigation  of  the  phenomena  taking  place  during  accel- 
'^ration  can  be  carried  out  in  a  similar  manner  as  the  investigation 
of  the  starting  in  paragraph  2,  by  considering,  however,  in  the 
^circuits  besides  their  respective  admittance  or  impedance  the 
counter  e.  m.  f.'s  of  the  motor,  or  e.  m.  f.'s  induced  by  the  quad- 
rature component  of  main  flux.  It  would  extend  the  paper  too 
far,  however,  and  thus  must  be  postponed  for  a  later  occasion, 
and  only  some  general  conclusions  drawn. 

While  any  desired  torque  can  be  produced  by  the  use  of  resis- 
tance and  inductance  and  mutual  induction  as  starting  devices,  the 
torque  is  necessarily  far  below  that  which  can  be  produced  in  a 
yolyphase  motor  with  the  same  expenditure  of  volt-amperes  or  of 
^atte,  that  is  the  apparent  torque  efficiency  and  the  torque  effi- 
ciency are  lower.     A  much  better  starting  torque  efficiency,  and 
apparent  torque  efficiency,  under  circumstances  almost  as  good  or 
l)etter  as  in  a  polyphase  motor,  can  be  produced  by  the  use  of 
^capacity.     Capacity,  however,  is  generally  only  suitable  for  a 
sine  wave  of  e.  m.  f.  and  most  generators  do  not  give  a  sine  wave, 
aiid  in  general  the  use  of  a  wave  differing  from  sine  shape  is 
preferable  for  other  reasons,  while  for  the  motors  proper,   the 
wave  shape  is  immaterial.     Furthermore,  looking  over  the  curves 
of  starting  torque  and  apparent  torque  efficiency  given  in  para- 
;^aph  2,  the  general  feature  is  noticeable  that  capacity  gives  very 
..high  values  for  a  very  limited  range  only,  but  low  values  outside 
thereof.     Thus,  when  securing  high  starting  torque  by  means  of 
<^apacity,  with  the  change  of  admittance  during  acceleration,  the 
oonditicns  become  unfavorable  much  faster  than  by  the  use  of 
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resistance,  inductance  and  mutual  induction.  Hence,  while  good 
starting  torque  can  be  produced  by  capacity,  in  general  this 
torque  is  not  maintained  during  acceleration  up  to  the  speed 
where  the  main  torque  of  the  motor  is  sufficient  for  further 
acceleration,  and  thus  such  a  motor  will  start,  but  not  run  up  to 
speed. 

A.    PHASE   SPLITTING   DEVICES. 

In  these  the  starting  torque  depends  upon  the  relative  propor- 
tion of  the  internal  or  motor  admittance  and  the  external  admit- 
tance of  the  starting  device,  and  is  thus  essentially  affected  by  the 
change  of  admittance  during  acceleration  in  a  motor  with  short- 
circuited  low  resistance  secondary. 

Thus,  for  instance,  in  Fig.  12,  in  a  motor  with  impedance  Z= 
r— ^'a?=l — 8;  of  each  of  the  two  primary  coils  at  standstill,  and 
inductive  reactance  —j  a  in  circuit  of  one  of  them,  the  apparent 
torque  efficiency  is  very  low  and  fairly  constant,  about  10  per 
cent,  of  that  of  a  polyphase  motor,  for  a  wide  range  of  reactance. 
During  acceleration  r  increases,  x  decreases  and  the  relative  ap- 
parent torque  efficiency  approaches  that  of  the  motor  Z=3 — \jy 
that  is  increases  considerably.  If,  however,  a  great  starting 
torque  was  produced  by  capacity  as  shown  on  the  left  side  of  Fig. 
12,  the  relative  apparent  torque  efficiency  decreases  during  accel- 
eration by  passing  from  curve  Z=  1 — 3  j  towards  curve  Z=3 — \j. 

The  right  hand  side  of  Fig.  12  represents  also  the  effect  of 
resistance  as  a  starting  device,  but  with  the  two  curves  exchanged, 
the  higher  one  representing  Z=l — 3  j,  the  lower  one  Z=3 — Ij. 
Thus  by  using  resistance  a  in  one  of  the  motor  circuits,  a  good 
starting  torque,  of  nearly  50  per  cent,  of  that  of  the  polyphase 
motor  of  same  volt-ampere  input,  is  produced  in  a  motor  with  low 
resistance  secondary,  but  during  acceleration  it  falls  off  due  to  the 
increase  of  power  factor  of  the  motor  impedance,  and  the  motor, 
while  starting  under  good  torque,  will  probably  not  be  able  to  run 
up  to  speed,  even  under  fairly  light  load. 

Still  more  instructive  is  Fig.  13,  two  reactances,  of  which  at 
least  one  is  a  capacity  reactance. 

As  long  as  one  of  the  reactances  — j  h  is  inductive,  the  two 
curves;  Z=l — Zj  representing  a  motor  with  low  resistance 
armature,  and  Z=3 — \j  representing  a  motor  with  high  resistance 
armature,  and  thus  approximately  the  conditions  of  a  motor  with 
low  resistance  armature  at  speed,  give  fairly  the  same  results, 
using,  however,  two  capacity  reactances,  an  enormous  apparent 
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torque  efficiency  can  be  produced  in  starting,  more  than  three 
times  that  of  the  polyphaee  motor,  for  J=  — 2.  But  with  in- 
creasing power  factor  of  impedance,  tliat  is  during  acceleration, 
this  torque  decreases  to  zero  and  then  reverses,  and  Z=3 — \j 
gives — ^A%  of  the  polyphase  apparent  tongue  efficiency.  Thus 
with  tliis  device,  a  low  resistance  motor  will  start  with  very 
powerful  torque,  but  with  incretising  speed  the  torque  produced 
by  the  starting  device  falls  to  zero  and  then  reverses,  and  if  the 
main  torque  of  the  motor  is  not  very  large  at  fairly  low  speeds, 
the  motor  will  not  run  up  to  speed  even  at  light  load.  Hence 
this  device  of  two  capacities  in  the  two  motor  circuits  is  unsuit- 
able for  low  resistance  motors,  although  it  gives  a  very  powerful 
starting  torque. 

IJ.    INOUCTIVE    DEVICES. 

The  inductive  devices  depend  still  more  than  the  phase  split- 
ting devices  upon  the  power  factor  of  the  motor  admittance.  As 
seen  in  paragraph  2,  even  the  direction  of  the  torque  given  by 
the  starting  device  depends  upon  the  power  factor  of  the  motor 
impedance. 

For  instance,  the  shading  coil  or  the  accelerating  coil  acts  as 
retarding  coil  if  its  power  factor  is  higher  than  a  certain  value 
depending  upon  that  of  the  motor,  etc.,  and  as  accelerating  coil  if 
its  power  factor  is  lower  than  this  value.  Ilence  with  a  very  low 
reactance  shading  coil  and  a  high  reactance  motor  secondar}',  a 
fairly  good  torque  is  secured  in  starting,  but  this  torque  rapidly 
disappears  and  then  reverses  during  acceleration,  and  this  device 
can  thus  be  used  only  with  motors  givmg  a  main  torque  curve, 
however,  requires  fairly  high  armature  resistance  and  thus  gives 
low  torque  for  the  starting  device.  Hence,  the  shading  coil  is 
suitable  only  for  very  small  motors  starting  under  light  load* 
The  accelerating  coil  requires  a  high  resistance  secondary  and 
when  used  with  a  motor  with  variable  armature  resistance,  the 
motor  can  be  made  to  start  in  one  direction  with  the  resistance  in, 
but  in  the  opposite  direction  by  cutting  out  the  resistance.  In 
the  latter  case  the  motor  obviously  does  not  run  up  to  speed,  due 
to  the  reversal  of  the  torque,  except  if  after  starting,  the  accelera- 
ting coil  is  cut  out  and  the  resistance  cut  in  again.  Tonpie  curves 
of  such  a  starting  device  will  be  shown  in  the  following: : 

The  monocyclic  starting  device,  especially  with  resistance  in- 
ductance, is  scarcely  at  all  afiected  by  a  change  of  the  power  fao- 
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t)r  of  the  admittance,  and  is  improved  by  the  decrease  of 
admittance  daring  acceleration,  since  a  decrease  of  the  motor 
admittance  is  equivalent  to  an  increase  of  the  admittance  J,  that 
is  an  increase  of  the  teaser  e.  m.  f.  Thus  it  is  the  most  satisfac- 
tory starting  device,  and  is  more  fully  discussed  in  the  following. 

2nd. — EfEect  of  the  counter  e.  m.  f.  of  the  motor  upon  the 
starting  device  and  inversely. 

In  the  phase  splitting  device,  where  a  definite  phase  displace- 
ment is  produced  in  circuits  of  different  impedances,  the  induc- 
tion of  the  counter  e.  m.  f.  in  these  circuits  necessarily  throws 
these  circuits  more  or  less  out  of  phase.  The  same  applies  to 
external  inductive  devices. 

Where  several  circuits  are  in  multiple  between  the  same 
primary  mains,  but  displaced  in  position  on  the  motor  primary, 
the  counter  e.  m.  f's  induced  by  the  main  flux  of  the  motor  in 
these  circuits  are  displaced  in  phase  from  each  other,  and  thus 
form  more  or  less  a  short  circuit,  through  the  parallel  coils,  and 
thereby  produce  a  current  which  reduces  the  counter  e.  m.  f.,  and 
thus  the  main  torque  of  the  motor. 

Still  more  is  this  the  case  with  the  internal  inductive  devices. 
The  shading  coil  as  well  as  the  accelerating  coil  form  a  dead 
short  circuit  for  the  component  of  main  flux  in  their  direction, 
and  thus  practically  annihilate  this  flux  by  the  demagnetizing 
effect  of  the  induced  current.  The  result  is  a  great  decrease  or 
even  reversal  of  torque,  and  a  falling  off  of  output.  For  instance, 
in  a  single  phase  motor  giving  a  maximum  torque  at  96  per  cent, 
of  synchronism  of  217  lbs.  at  I  ft.  radius,  with  93  amperes  input 
at  220  volts,  the  maximum  torque  is  reduced  to  132  lbs.  at  89 
per  cent,  of  synchronism,  while  the  current  is  increased  to  320 
amperes,  that  is,  the  apparent  torque  efficiency  has  fallen  off  to 
17.7  per  cent,  of  its  previous  value,  due  to  the  8h(»rt  circuit 
caused  by  the  inductive  starting  device  of  the  accelerating  coil. 
A  number  of  torque  curves  of  a  motor  with  accelerating  coil  are 
shown  in  Fig  39  with  different  values  of  resistance  in  the  secon- 
dary. This  motor  is  the  1  8-30-900-110  of  which  the  three-phase 
curves  are  shown  in  Fig.  1  and  2  of  my  previous  paper  on  the 
polyphase  induction  motor,  the  single-pliase  curves  in  Fig.  9  and 
10  and  the  curves  with  monocyclic  starting  device  in  Fig.  42  of 
this  paper.  The  motor  has  a  three-phase  winding,  of  which  one 
coil  is  excited  as  primary  coil,  one  short-circuited  and  one  open, 
thus  the  accelerating  soil  is  displaced  (yO^  from  the  main  coil. 
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Ab  seen,  with  short-circuited  secondary,  tlie  starting  torque  is 
negative,  4  pounds  and  remains  so  up  to  a  speed  where  the  main 
torque  of  the  motor  overpowers  the  reverse  torque  of  the  starting 
device,  or  the  latter  disappears,  due  to  the  increase  of  the  power 
factor  of  the  motor,  at  30  per  cent,  of  ajnchronism.  With  med- 
ium resistance  in  the  secondary  the  torqne  is  24  Ihs.  in  starting, 
increases  due  to  the  increase  of  power  factor  of  the  motor  as  dis- 
cussed l>efore,  reaches  a  maximum  of  40  lbs.,  but  then  decreases 
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again  and  reverses  at  80  per  cent,  of  g}'nc)ironism,  tine  to  tlie 
sliort  circuit.  It  becomes  —  40  lbs.  at  syncJironiBui.  With  high 
reeistance  in  tlie  secondary,  the  torque  is  a  maximum  of  14  lbs.  at 
I  ft.  radius  in  starting,  and  then  decreases  due  to  the  short-circuit, 
becomes  zero  at  48  per  cent,  of  synchronism,  and  gives  at  syn- 
chronism — 61  lbs.  reverse  torque. 
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These  carves  show  beat  the  interaction  of  the  tliree  effects;  tlie^ 
lUftiti  torqae  of  the  motor,  zero  tit  stitndstill  and  increasing  iritlu 
speed,  the  torque  of  the  starting  device,  increasing  in  positive,  or- 
decreasing  in  negative  direction,  dne  to  the  change  of  power  factor 
of  the  motor  admittance,  and  tlie  retarding  effect  of  tlie  shoit- 
circnit  of  main  flux  by  the  accelerating  coil.  The  current  in 
either  of  the  curves  is  very  large,  thus  the  apparent  torque  effi- 
ciency low. 

With  the  monocyclic  starting  device  the  effect  of  the  counter 
E.  H,  F.  is  to  raise  tlie  altitude  of  the  monocyclic  or  teaser  triangle. 
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and  thereby  to  increase  the  torque,  up  to  the  s|)eed  where  the 
counter  e.  h.  f.  equals  the  altitude  of  the  teaser  triangle  at  open 
circuit.  At  this  speed  the  teaser  current  becomes  zero,  (or  very- 
small  since  some  current  ilows  due  to  the  diifereiice  of  phase! 
between  teaser  and  counter  e.  m.  f.),  and  the  torque  cijnals  the- 
main  torque  of  the  motor,  that  is  the  starting  device  has  Ijccomo- 
ineffective.  Beyond  this  the  counter  e.  m.  f.  is  higher  than  th» 
impressed  e.  m.  f.  and  current  returns  over  the  teaser,  with  the 
effect  of  reducing  the  torque  of  the  motor  hy  a  partial  short- 
circuit.        With    a    motor     of    a    three- phase    winding     wit!;. 
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two  torminals  connected  to  the  single  phase  mains  of  s.  h.  f.  e 
and  the  third  terminal  to  the  teaser  or  intermediary  connection 
of  a  resistance  inductance  monocyclic  starting  device,  the  maxi- 
mum counter  e.  m.  f.  of  the  motor  in  the  teaser  circuit,  neglecting 
internal  drop,  is  ^  i^3  0  or  .867  e.  The  maximum  teaser  voltage 
(at  open  circuit)  is  ^  /  2,  thus  at  .^^  =  58jg  of  synchronism  the 
teaser  current  should  cease  and  the  monocyclic  starting  device 
become  inactive  and  should  be  cut  out.  In  reality,  due  to  the 
drop  of  voltage  in  the  motor,  the  point  where  the  starting  device 
becomes  inactive  lies  at  higher  speed,  from  60  to  65  per  cent,  of 
synchronism. 

Assuming  approximately  the  auxiliary  torque  of  the  mono- 
cyclic starting  device  as  proportional  to  the  difference  between 
teaser  e.  m.  f.  and  counter  e.  m.  f.  of  the  motor,  the  resultant 
torque  is  the  sum  of  the  auxiliary  torque  of  the  starting  device 
and  the  main  torque  of  tlie  motor. 

In  Fig.  40  and  41  are  plotted  the  curves  of  Fig.  40,  41,  result- 
ant torque  of  the  single-phase  motor  in  Fig.  6,  7,  8,  with  the 
resistance-inductance  starting  device  in  Fig.  31  of  paragraph  2, 
for  the  secondary  resistances  /•,  =  .!,  or  open  circuit,  Ti  =  .25, 
Ti  =  .6  and  r^  =  1.6  ohms  per  circuit,  and  for  a  =  1.0  and 
a  =  .5.  The  starting  torque  is  taken  from  Fig.  31  in 
paragraph  2.  It  decreases  with  increasing  speed  in  a  straight 
line,  becomes  zero  at  60  per  cent,  of  synchronism,  and  negative 
beyond  this,  as  shown  in  dotted  line  for  Ti  =  .25,  a  =  1.0  in 
Fig.  40.  This  torque  added  to  the  main  torque  in  Fig.  6,  Sec- 
tion 1,  gives  the  torque  curves  of  Fig.  4<»  and  41.  As  seen,  these 
torque  curves  have  very  much  the  same  shape  as  those  of  a  poly- 
pha.'C  motor,  and  change  in  the  same  manner  with  the  change  of 
eecondary  resistance,  but  do  not  become  zero  at  synchronism,  but 
at  a  definite  speed  below  synchronism.  The  range  of  the  curve 
near  synchronism  is  of  less  interest,  since  the  starting  device  is 
expected  to  be  cut  out  of  circuit  between  half-speed  and  two- 
third  speed.  It  is  of  interest  to  compare  these  speed  curves  of 
the  single-phase  induction  motor  with  monocyclic  starting  device 
in  Figs.  40  and  41  with  the  speed  curve  of  the  same  motor  as 
polyphase  motor  in  Fig.  10  and  11  of  my  previous  paper,  and  as 
©ingle-phase  motor  in  Fig.  6,  7,  8,  paragraph  1.  As  seen,  with 
increasing  a,  the  curves  gradually  change  from  those  of  the  sin- 
gle-phase motor  to  those  of  the  polyphase  mo^or. 
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In  Fig.  42  are  shown  the  speed  torque  curves  of  a  Fig.  42 

induction  motor  with  monocyclic  starting  device  as  found  by  test, 

for  three  values  of  secondary  resistance  ;   short-circuit,  medium 

and  high  resistance,  together  with  the  curves  of  the  teaser  cur- 

/i    I    /I 
rent  Iq  and  the  average  of  the  two  main  currents q — '    for 

high  resistance  in  the  secondary.     As  seen,  the  teaser  current  / 
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Fig.  42. 

1.8-30-900.110.      Speed  Curves  with 

Monocyclic  Starting  Device. 

Resistance  —  Inductance 
}'i  =  2  13.         Yj  =  .085  +  2.1a/. 


decreases  proportional  to  the  speed,  reaches  a  minimum  at  65  per 
cent,  of  synchronism,  and  then  increases  again  as  return  current, 
up  to  synchronism,  exactly  as  to  be  expected  theoretically. 

Of  the  same  motor  the  single-phase  speed  curves  as  shown  in 
Figs.  9  and  10,  Section  1,  and  the  three-phase  speed  curves  in  Figp. 
1  and  2  of  my  previous  paper.     All  these  three  sets  of  curves  are 
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taken  at  the  same  impressed  voltage  and  frequency  and  are  thus 
directly  comparable.  Those  tests,  however,  were  made  some 
years  ago  and  thus  the  motor  no  longer  represents  the  present 
state  of  the  art. 

Herefrom  it  appears,  that  of  all  single-phase  induction  motor 
starting  devices  tlie  monocyclic  device  most  nearly  reproduces  in 
starting  and  accelerating,  the  conditions  of  the  polyphase  motor. 


Discussion. 

The  President: — This  paper  of  Mr.  Steinmetz  is  another 
valuable  contribution  to  our  Transactions,  of  which  he  has 
already  given  us  several,  and  as  he  himself  said,  it  is  a  continu- 
ation of  previous  work.  The  single-phase  induction  motor  is 
rather  a  new  device.  It  resembles  somewhat  the  synchronous 
motor  in  being  incapable  of  starting  itself,  and  has  small  torque 
at  speeds  below  synchronism.  This  limitation  is  brought  out  by 
the  fact  that  Mr.  Steinmetz  devotes  more  than  three-fourths  of 
his  paper  to  the  starting  devices  and  the  effect  that  they  have 
upon  the  action  of  the  motor. 

The  paper  is  open  for  discussion.  Will  Dr.  Kennelly  favor 
us  with  a  few  remarks  on  the  paper  ? 

Db.  a.  E.  Kennelly  : — The  paper  before  us  is  certainly  an 
abstruse  one  from  the  point  of  view  of  electric  motors,  because 
we  generally  suppose  that  an  electric  motor  is  a  very  simple 
piece  of  apparatus.  But  I  think  if  we  eliminate  that  maior 
portion  of  the  paper  which  is  devoted  to  starting;  the  remainder 
devoted  to  the  normal  action  of  the  motor,  resolves 
itself  into  one  of  comparative  simplicity.  As  the  President  has 
remarked,  the  single-phase  induction  motor  is  a  sort  of  interme- 
diary device  between  the  multiphase  induction  motor,  with 
which  we  have  some  familiaritv,  and  the  synchronous  single- 
phase  machine.  The  single-phase  machine  must  be  brought  up 
to  speed  in  order  to  start,  and  must  run  strictly  in  synchronism 
or  it  will  stop.  The  multiphase  induction  motor  will  not  only 
start  with  a  full  load  toraue,  but  even  with  a  tonpie  considerably 
in  excess  of  full  load,  and  it  will  not  run  at  exact  synchronism. 
The  intermediary  device  of  the  single-phase  induction  motor  is 
one  which  will  not  start  itself  like  its  friend  the  single-phase 
synchronous  motor,  but  is  more  eavsily  started  from  rest,  and 
when  once  started  will  run  nearly  in  synchronism — more  nearly 
in  synchronism  than  the  multiphase  induction  motor ;  but  if 
pulled  out  of  that  synchronism  by  an  overload,  it  has  a  greater 
tendency  to  stop  than  the  multiphase  induction  motor.  I  think 
that  the  relation  between  the  two  machines  is  perhaps  more 
readily  comprehended  by  the  mental  device  of  assuming  a  double 
rotation  of  the  field  than  in  any  other  way.     Perhaps  I  may 
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make  that  clearer  by  a  diagram  on  the  blackboard.  If  we  con- 
sider the  multiphase  induction  motor,  we  can  assume  that  the 
field  tmvels  around  at  a  perfectly  definite  rate,  say  right  handedly 
In  the  case  of  a  single-phase  induction  motor,  we  can  imagine 
that  the  alternating  field  consists  of  a  double  rotation  so  that  the 
full  field  divides  itself  into  two  halves,  one  half  going  around 
right  handedly  and  the  other  half  going  around  left  handedly, 
and  each  of  these  is  a  simple  rotating  field.  Either  of  these 
components  might  be  considered  as  a  simple  multiphase  compo- 
nent in  the  absence  of  the  other.  You  must  have  both  compo- 
nents when  you  employ  the  single-phase  current.  The  armature 
does  not  know  which  component  to  follow  at  starting,  and  you 
must  determine  which  component  it  shall  follow  by  giving  it  the 
initial  impulse.  Once  it  has  been  brought  up  near!}'  into  syn- 
chronism with  either  component,  it  will  follow  that  component 
as  though  the  other  did  not  exist,  but  when  following  the  right 
hand  component  say  at  nearly  synchronous  speed,  the  left  hand 
component  will  be  rotating  relatively  to  the  armature  at  twice 
that  speed.  Therefore,  if  you  superpose  upon  the  ordinary  multi- 
phase induction  motor  a  component  of  magnetic  field  revolving 
relatively  to  the  armature,  at  double  the  speed,  in  the  opposite 
direction,  I  think  the  results  are  those  that  arc  deduced  by  Mr. 
Steinmetz  in  his  paper.  The  importance  of  course  of  supplying 
the  necessary  starting  power  to  tne  motor  renders  it  necessary  to 
use  these  various  devices  which  are  described  in  the  long  appen- 
dix of  the  paper.  These  become  of  great  importance  in  view  of 
the  small  torque  which  the  machine  normally  possesses  at  start- 
ing. 

Mr.  Steinmetz  : — I  held  the  same  opinion  some  time  ago, 
but  in  attempting  to  get  results  agreeing  with  experience  from 
this  theor}'  of  two  mj^netic  fields  of  half  intensity  revolving  in 
opposite  directions,  I  have  found  that  the  theory  does  not  repre- 
sent the  facts,  and  had  to  be  given  up,  for  several  reasons. 

1st — At  standstill  the  magnetic  neld  of  the  single-phase  in- 
duction motor  is  undoubtedly  alternating,  and  can  be  resolved  into 
two  equal  and  oppositely  revolving  fields.  At  speed  however, 
and  especially  at  synchronism,  one  component  has  disappeared 
altogether  and  the  other  component  is  of  full  intensity,  that  is 
the  field  is  a  uniformly  revolving  field  as  shown  by  the  fact  that 
in  a  turn  at  right  angles  to  the  primary  coil  the  same  e.  m.  f.  is 
induced,  as  in  a  turn  parallel  to  the  priniar}*  coil,  but  the  k.  m.  f. 
is  displaced  in  phase  [)y  90°. 

2nd — The  current  consumed  by  the  single-phase  induction 
motor  when  running  light,  contradicts  the  theory  of  the  two  op- 
positely revolving  fields  of  half  intensity.  According  to  this 
theory  the  current  running  light  should  be  equal  to  the  e-uin  of 
the  exciting  current  of  a  polyphase  motor  of  half  impressed  e.  m. 
F.  plus  the  current  taken  by  a  polyphase  motor  of  half  impressed 
E.  M.  F.  when  driven  backward  at  full  speed.  Tlii.^  hitter  current, 
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however,  is  frequently  many  times  larger  than  the  current  actu- 
ally observed  in  a  single-phase  induction  motor  at  synchronism. 
8rd — The  torque  curve  of  the  polyphase  induction  motor  with 
low  resistance  secondary  is  as  shown  in  i  in  Fig.  1.     The  torque 


Fio.  I 


Fio.  2. 


curve  of  the  same  motor  with  oppositely  revolving  Held  is  as 
shown  in  Fig.  1  by  ^^,  and  thus  the  torque  curve  oi  the  single- 
phase  induction  motor  should  be  the  difference  between  t  and 
t\  or  Tin  Fig.  1.     It  is  in  reality  only  approximately  of  similar 
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shape,  in  a  motor  with  low  resistance  armature,  but  it  entirely  dis- 
agrees in  a  motor  with  high  resistance  armature.  With  very 
high  resistance  in  the  armature  or  secondary,  the  torque  curve  of 
the  polyphase  motor  is  as  shown  by  t  in  Fig.  2,  with  the  rnaxi* 
mum  beyond  standstill.  The  same  motor  with  oppositely  re- 
volving iield  gives  a  torque  curve  t\  and  a  single-phase  motor 
should  thus  have  as  torque  curve  the  difference  T  =z  t  —  ^^  as 
shown  in  Fig.  2,  that  is,  should  have  negative  torque  over  almost 
the  entire  range.  This  does  not  agree  with  experience,  since  we 
know  that  no  matter  how  high  the  secondary  resistance  of  the 
motor  is,  the  torque  still  remains  positive. 

For  these  reasons,  the  theory  oi  two  ecjual  and  oppositely  re- 
volving fields  must  be  given  up,  although  it  is  still  occasionally 
used  in  publications. 

Dr.  Kennelly  : — The  explanation  which  Mr.  Steinmetz  has 
given  as  to  the  discrepancy  between  the  facts  based  upon  the 
double  revolving  theory,  and  the  facts  based  upon  a  simple  cal- 
culation of  what  takes  place  without  referring  to  that  theory,  do 
not  however  include  the  conseciuences  of  the  magnetizing  influ- 
ence of  the  currents  in  the  revolving  armature.  In  other  words, 
he  admits  that  when  the  armature  is  at  rest,  or  when  the  machine 
is  not  in  operation,  as  it  were,  the  double  revolving  theory  un- 
doubtedly applies.  Now,  when  you  start  the  armature  in  oper- 
ation you  superpose  upon  that  double  revolution,  which  he 
admits  is  there,  the  effect  of  the  currents  in  that  revolving  mem- 
ber and  those  effects,  when  superposed  upon  both  halves  and 
upon  both  members  of  the  revolvmg  field,  will,  I  believe,  come 
to  the  same  thing  as  the  effects  which  he  traces  out  directly  in 
his  paper.  Of  course  we  cannot  neglect  the  effects  of  the  cur- 
rents in  the  revolving  member  upon  both  components,  but  if  we 
take  them  into  consideration,  I  thhik  the  results  are  the  same  as 
when  the  matter  is  treated  in  the  able  manner  Mr.  Steinmetz 
has  treated  it  in  his  paper.  It  seems  to  me  that  the  double  re- 
volving theory  can  be  made  to  give  the  same  results  and  is  a 
simpler  way  of  looking  at  the  matter  in  theory,  a  simpler  way  of 
regarding  the  matter.  For  example,  all  the  main  results 
mentioned  by  Mr.  Steinmetz  in  his  paper  follow  directly 
from  the  consequences  of  a  double  revolving  field ;  namely^ 
the  power  of  the  motor  being  so  much  reduced  because  the 
two  components  are  divided,  the  relatively  feeble  torque  of 
the  motor,  the  double  frequency  component  of  current — all 
these  three  things  are  consistent  with  the  double  rotation 
theory,  and  while  it  is  true  as  pointed  out  by  Mr.  Steinmetz 
that  the  double  rotation  theory  simply  considered  is  not 
apparently  in  accordance  with  that  fact,  still  I  take  the 
position  that  if  allowances  are  made  for  the  effect  of  the 
revolving  armature,  if  the  armature  reaction  be  taken  into 
account,  so  to  speak;  that  the  double  field  theory  can  be 
made  to  agree  with  the  facts. 


1 10  STEINMETZ  ON  IND  UCTION  MOTOR.  [Feb.  28. 

The  vector  method  is  the  only  one  up  to  the  present 
date,  that  can  simply  and  directly  deal  with  ordinary  current 
phenomena.  Any  one  who  will  compare  a  single  expression 
of  alternatini^  current  motor  phenomena  as  developed  by 
the  formula  of  vectors  and  developed  by  any  other  lormula, 
will  be  struck  by  the  vast  contrast  presented  by  the  two — 
one,  simple,  direct,  compact ;  the  otner  complex,  vague  and 
enormously  extended. 

Mr.  Steinmbtz: — I  agree  with  Dr.  Kennelly  that  by  amend- 
ing the  theory  to  magneto-motive  forces  instead  of  magnetic 
fluxes,  and  taking  in  view  the  effect  of  induced  currents,  the 
theory  of  two  opposite  and  equal  rotations  can  be  made  to  better 
agree  with  experience. 

It  would  read  then,  that  the  primary  induced  circuit  of  the 
single-phase  induction  motor  can  be  resolved  into  two  equal  and 
oppositely  rotating  m.  m.  f.'s,  and  the  secondary  circuit  produces 
a  M.  M.  F.  proportional  to  the  speed  and  additive  to  the  one,  sub- 
tractive  to  the  other  component  of  impressed  m.  m.  p.,  thus  an- 
nihilating the  latter  and  doubling  the  former  at  synchronism. 

Prof.  W.  S.  Franklin  : — I  am  much  pleased  with  the  paper 
which  I  have  heard  discussed  and  partly  read  this  evening,  and  I 
feel  very  thankful  to  Mr.  Steinmetz  for  what  he  has  given  us. 
I  wish  to  express  my  belief  with  Ur.  Kennelly  that  the  theory 
of  the  induction  motor  might  easily  be  developed  from  the  double 
rotation  field  theory.  In  regard  to  the  vector  method  for  study- 
ing alternating  currents,  a  method  which  from  the  narrow  point 
of  view  of  a  teacher  I  have  always  thought  of  as  a  grapnical 
method,  I  may  say  that  I  have  had  considerable  experience  with 
it  and  I  have  always  been  skeptical  of  Mr.  Steinmetz's  method 
until  I  came  to  look  over  his  book  and  some  of  his  recent  papers 
and  I  must  say,  that  I  am  entirely  converted  to  the  author's 
point  of  view.  I  think  the  graphical  method  is  inadequate  ex- 
cept for  the  use  we  teachers  make  of  it.  I  don't  know  whether 
Dr.  Kennelly  means  Mr.  Steinmetz's  method  when  he  speaks  of 
the  vector  method,  or  whether  he  means  simply  the  graphical 
method. 

Dr.  Kennelly: — I  mean  Mr.  Steinmetz's  method,  which  is  a 
vector  method  and  a  most  applicable  one. 

Prof.  Franklin: — I  thought  perhaps  that  Dr.  Kennelly 
might  include  both  the  graphical  and  the  symbolic  method  in  the 
vector  method  and  I  don't  know  but  it  is  quite  proper  to  do  so. 

Mr.  Steinmetz: — I  want  to  draw  attention  to  the  investiga- 
tion on  page  80.  If  you  will  look  at  the  diagram  you  will  see 
there  are  nine  different  currents  and  still  more  e.  m.  f.'s.  Now  I 
defy  anyone  to  get  results  by  any  other  method  of  investigation 
in  such  a  complex  system  without  neglecting  hysteresis  and  neg- 
lecting exciting  current  and  neglecting  selAnauction  and  some 
other  things,  and  ultimately  getting  results  which  are  entirely 
worthless.     I  may  add  that  the  method  used  here  is  used  sue- 
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ceaefolly  to  predetermine  the  starting  torque  of  induction  mo- 
tors and  agrees  with  experience. 

Mr.  Townsend  Wouott  : — If  anybody  will  start  with  differ- 
ential e(|uations,  even  in  the  simplest  case  of  alternating  cur- 
rents, he  ^^ill  tind  that  he  gets  into  deep  water  very  quick.  The 
only  objection  raised  to  this  method  is  that  it  assumes  sinusoidal 
variation.  Now  Mr.  Steinmetz  and  others  who  have  tried  it  in 
practice,  say  that  the  practical  results  justify  the  use  of  the 
method.  Of  course  it  is  not  theoretically  correct,  but  if  you  get 
practical  results  from  it,  it  is  like  a  ^rcat  many  other  things, 
justified  in  the  application.  Even  in  designing  an  ordinary  con- 
tinuous current  dynamo  you  make  assumptions  about  the  nux  in 
the  field  magnet  which  are  not  true,  but  at  the  same  time  you 
get  practical  results  which  are  near  enough  true  for  all  practical 
purposes.  The  true  distribution  of  magnetic  flux  in  the  field 
magnet  of  an  ordinary  dynamo  is  unknown  ;  that  is,  the  analyt- 
icaldiflSculties  are  so  great  that  you  cannot  express  it  in  a  man- 
ner which  is  theoretically  correct,  but  you  can  get  at  it  near 
enough  for  practice  with  simple  arithmetic.  And  it  is  just  so 
with  this  method  of  Mr.  Steinmetz.  It  is  practically  correct, 
whatever  theoretical  objection  there  may  be  to  taking  sine  waves 
to  represent  a  wave  of  any  form. 

Prof.  Frank li^^: — Mr.  Wolcott  has  mentioned  a  thing  which 
has  often  been  in  mind  in  contrasting  the  graphical  metnod,  or 
in  its  algebraic  form,  Mr.  Steinmetz  s  method,  with  the  analyt- 
ical metnod  or  the  use  of  differential  equations  in  the  study  of 
the  alternating  current.  We  find  that  the  method  of  differen- 
tial equations  is  the  one  that  does  not  assume  a  sinusoidal  cur- 
rent, but,  if  you  consider  the  matter,  having  a  given  saw-tooth 
form  of  E.  M.  F.  your  saw-tooth  problem  reduces  itself  to  a  series 
of  sinusoidal  problems.  Now  the  problem  to  solve  for  the  first 
member  in  that  series  is  repeated  for  the  second  member  and  so 
on,  and  the  problem  which  is  based  on  any  one  of  the  harmonics 
of  the  alternating  e.  m.  f.  is  precisely  the  problem  which  Mr. 
Steinmetz  handles  in  his  symbolic  method,  and  which  is  handled 
by  the  ordinary  method  of  graphical  vectors,  and  we  lose  sight  of 
the  fact  I  think  that  the  vector  method  is  by  using  a  series  of 
diagrams  applicable  to  any  sort  of  a  curve. 

Sk.  WoLCorr: — In  ilr.  Steininetz's  metliod,  we  a;-sume  the 
equivalent  sine  wave,  which  procedure  has  been  objected  to  by 
some  electricians,  especially  in  England.  The  justiheation  of  it 
is  in  the  practice  as  I  understand  it.  There  may  be  mathe- 
matical objections  to  doing  it  in  this  case,  but  we  also  do  it  else- 
where. Por  instance  when  we  introduce  2  ;:  into  the  expret^sion 
for  impedance  we  have  already  assumed  tlie  sinusoidal  wave. 
That  is  if  it  happens  to  be  some  other  shape,  we  assume  an 
equivalent  wave  of  simple  sinusoidal  form,  instead  of  working 
out  a  whole  series  of  terms,  although  it  may  not  be  correct  from 
an  analytical  point  of  view. 
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The  vector  method  is  the  only  one  up  to  the  present 
date,  that  can  simply  and  directly  deal  with  ordinary  current 
phenomena.  Any  one  who  will  compare  a  single  expression 
of  alternatinii:  current  motor  phenomena  as  developed  by 
tlie  formula  of  vectors  and  developed  by  any  other  formula, 
will  be  struck  by  the  vast  contrast  presented  by  the  two — 
one,  simple,  direct,  compact ;  the  otner  complex,  vague  and 
enormously  extended. 

Mr.  Steinmetz  : — I  agree  with  Dr.  Kennelly  that  by  amend- 
ing the  theory  to  magneto-motive  forces  instead  of  magnetic 
fluxes,  and  taking  in  view  the  effect  of  induced  currents,  the 
theory  of  two  opposite  and  equal  rotations  can  be  made  to  better 
agree  with  experience. 

It  would  read  then,  that  the  primary  induced  circuit  of  the 
single-phase  induction  motor  can  be  resolved  into  two  equal  and 
oppositely  rotating  m.  m.  f.'s,  and  the  secondary  circuit  produces 
a  M.  M.  F.  proportional  to  the  speed  and  additive  to  the  one,  sub- 
tractive  to  the  other  component  of  impressed  m,  m.  f.,  thus  an- 
nihilating the  latter  and  doubling  the  former  at  synchronism. 

Prof.  W.  S.  Franklin  : — I  am  much  pleased  with  the  paper 
which  I  have  heard  discussed  and  partly  read  this  evening,  and  I 
feel  very  thankful  to  Mr.  Steinmetz  for  what  he  has  given  us. 
I  wish  to  express  my  belief  with  Dr.  Kennelly  that  the  theory 
of  the  induction  motor  might  easily  be  developed  from  the  double 
rotation  field  theory.  In  regard  to  the  vector  method  for  study- 
ing alternating  currents,  a  method  which  from  the  narrow  point 
of  view  of  a  teacher  I  have  always  thought  of  as  a  grapnical 
method,  I  may  say  that  I  have  had  considerable  experience  with 
it  and  I  have  always  been  skeptical  of  Mr.  Steinmetz's  method 
until  I  came  to  look  over  his  book  and  some  of  his  recent  papers 
and  I  must  say,  that  I  am  entirely  converted  to  the  author's 
point  of  view.  I  think  the  graphical  method  is  inadequate  ex- 
cept for  the  use  we  teachers  make  of  it.  I  don't  know  whether 
Dr.  Kennelly  means  Mr.  Steinmetz's  method  when  he  speaks  of 
the  vector  method,  or  whether  he  means  simply  the  graphical 
method. 

Dr.  Kennelly: — I  mean  Mr.  Steinmetz's  method,  which  is  a 
vector  method  and  a  most  applicable  one. 

Prof.  Franklin  : — I  thought  perhaps  that  Dr.  Kennelly 
might  include  both  the  graphical  and  the  symbolic  method  in  the 
vector  method  and  I  don't  know  but  it  is  quite  proper  to  do  so. 

Mr.  Steinmetz: — I  want  to  draw  attention  to  the  investiga- 
tion on  page  80.  If  you  will  look  at  the  diagram  you  will  see 
there  are  nine  different  currents  and  still  more  e.  m.  f.'s.  Now  I 
defy  anyone  to  get  results  by  any  other  method  of  investigation 
in  such  a  complex  system  without  neglecting  hysteresis  and  neg- 
lecting exciting  current  and  neglecting  selfinduction  and  some 
other  things,  and  ultimately  getting  results  which  are  entirely 
worthless.     I  may  add  that  the  method  used  here  is  used  sue- 
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cessfully  to  predetermine  the  starting  torque  of  induction  mo- 
tors and  agrees  with  experience. 

Mr.  Townsend  Wolcott  : — If  anybody  will  start  with  differ- 
ential equations,  even  in  the  simplest  case  of  alternating  cur- 
rents, he  will  Und  that  he  gets  into  deep  water  very  quick.  The 
only  objection  raised  to  this  method  is  that  it  assumes  sinusoidal 
variation.  Now  Mr.  Steinmetz  and  others  who  have  tried  it  in 
practice,  say  that  the  practical  results  justify  the  use  of  the 
method.  Of  course  it  is  not  theoretically  correct,  but  if  you  get 
practical  results  from  it,  it  is  like  a  great  many  other  things, 
justified  in  the  application.  Even  in  designing  an  ordinary  con- 
tinuous current  dynamo  you  make  assumptions  about  the  flux  in 
the  field  magnet  which  are  not  true,  but  at  the  same  time  you 
get  practical  results  which  are  near  enough  true  for  all  practical 
purposes.  The  true  distribution  of  magnetic  flux  in  tlie  field 
ma^et  of  an  ordinary  dynamo  is  unknown ;  that  is,  the  analyt- 
icaldifliculties  are  so  great  that  you  cannot  express  it  in  a  man- 
ner which  is  theoretically  correct,  but  you  can  ffet  at  it  near 
enough  for  practice  witli  simple  arithmetic.  Ana  it  is  just  so 
with  this  method  of  Mr.  Steinmetz.  It  is  practically  correct, 
whatever  theoretical  objection  there  may  be  to  taking  sine  waves 
to  represent  a  wave  of  any  form. 

Prof.  Franklin: — Mr.  Wolcott  has  mentioned  a  thing  which 
has  often  been  in  mind  in  contrasting  the  graphical  method,  or 
in  its  algebraic  form,  Mr.  Steinmetz"s  method,  with  the  analyt- 
ical method  or  the  use  of  differential  equations  in  the  study  of 
the  alternating  current.  We  find  that  the  method  of  differen- 
tial equations  is  the  one  that  does  not  assume  a  sinusoidal  cur- 
rent, but,  if  you  consider  the  matter,  having  a  given  saw-tooth 
form  of  E.  M.  F.  your  saw-tooth  problem  reduces  itself  to  a  series 
of  sinusoidal  problems.  Xow  the  problem  to  solve  for  the  first 
member  in  that  series  is  repeated  for  the  second  member  and  so 
on,  and  the  problem  which  is  based  on  any  one  of  the  harmonics 
of  the  alternating  e.  m.  f.  is  precisely  the  problem  which  Mr. 
Steinmetz  handles  in  his  symbolic  method,  and  which  is  handled 
by  the  ordinary  method  of  graphical  vectors,  and  we  lose  sight  of 
the  fact  I  think  that  the  vector  method  is  by  using  a  series  of 
diagrams  applicable  to  any  sort  of  a  curve. 

Mk.  WoLcorr: — In  ilr.  Steininetz's  method,  wo  ai-sumo  the 
equivalent  sine  wave,  which  procedure  has  been  objected  to  by 
some  electricians,  especially  in  England.  The  justihcation  of  it 
is  in  the  practice  as  I  understand  it.  There  may  be  mathe- 
matical objections  to  doing  it  in  this  case,  but  we  also  do  it  else- 
where. For  instance  when  we  introduce  2  ;:  into  the  expression 
for  impedance  we  have  already  assumed  the  sinusoidal  wave. 
That  is  if  it  happens  to  he  some  other  shape,  we  assume  an 
equivalent  wave  of  simple  sinusoidal  form,  instead  of  working 
out  a  whole  series  of  terms,  although  it  may  not  be  correct  from 
an  analytical  point  of  view. 
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De.  Kknnelly: — I  liope  to  see  the  vector  method  used 
practically  by  engineers  because  of  its  simplicity,  directness  and 
usefulness.  I  tliink  it  is  a  great  mistake  to  suppose  that  the 
vector  geometrical  method  is  limited  to  the  conception  and  hy- 
pothesis of  sinusoidal  waves  of  electro-motive  force,  magnetism 
or  current.  When  you  go  into  an  electric  light  station  and  see 
an  alternating  current  dynamo  that  is  producing  a  thousand  volts 
by  the  voltmeter,  and  is  producing  say  30  amperes  by  the  am* 
meter  and  25  kilowatts  by  the  wattmeter,  vou  mav  form  two 
suppositions ;  one  is  that  you  have  an  unknown,  peculiar  com- 
plex type  of  wave,  and  analyze  it  all  out  by  supposing  that  you 
have  a  certain  sine  f  un<lamental  wave,  and  then  the  harmonics, 
and  go  through  the  various  orders ;  or  you  can  assume,  which  is 
equally  nearly  correct  for  all  practical  purposes,  that  the  ma- 
chine produces  a  sinusoidal  e.  m.  f.,  a  pure  sine  wave  of  a  thous- 
and volts,  and  that  the  load  is  such  as  to  produce  a  lag  of  the 
current  represented  by  the  power  factor  determined  from  the 
wattmeter.  The  wattmeter  shows  that  there  is  a  power  factor  in 
the  whole  load  of  so  much,  and  that  will  represent  to  a  sinusoidal 
electromotive  force  a  certain  combination  of  inductance  and  re- 
sistance. It  is,  strictly  speaking,  a  false  hypothesis,  but  it  meets 
all  the  purposes  of  the  case.  The  vector  method  may  be  con- 
sidered to  assume  that  you  can  treat  the  e.  m.  f.  as  a  simple 
alternating  sinusoidal  electromotive  force.  By  that  means  you 
eliminate  all  the  complication  incident  to  Fourier's  method  and 
you  arrive  at  results  which  are  practical  and  useful  at  once. 

Mr.  Steinmetz  : — I  fully  agree  that  it  is  a  matter  of  defini« 
tion  whether  it  is  permissible  to  use  equivalent  sine  waves  or 
not.  No  matter  what  the  shape  of  the  wave  is,  we  can  always 
resolve  it  into  a  series  of  sine  waves  of  different  frequencies,  and 
the  theory  of  the  e<juivalent  sine  wave  merely  means  that  the 
total  energy  is  included  in  the  fundamental  wave,  and  thereby  all 
the  higher  harmonics  made  wattless  waves.  In  consequence 
thereof  in  dealing  with  the  fundamental  wave  only,  as  equivalent 
sine  wave,  we  find  results  which  check  with  experience,  since 
this  wave  includes,  and  takes  account  of  the  total  effect. 

There  are,  however,  undoubtedly  cases  where  the  theory  of 
the  equivalent  sine  wave  cannot  be  used,  as  for  instance  in  the 
ease  of  the  alternating  arc,  in  which  we  have  distortion  between 
cnrrent  and  e.  m.  f.  without  phase  displacement,  and  thus  get  a 
power  factor  without  an  angle  of  lag,  or  when  attempting  to 
calculate  the  angle  of  lag  its  sign  becomes  ambiguous. 

Kegarding,  however,  the  use  of  Fourier's  theorem  or  the 
use  ot  equivalent  sine  waves,  I  have  never  seen  any  publication 
where  real  alternator  waves,  that  is  waves  as  given  "by  machines 
in  commercial  operation,  have  been  used,  and  the  calculation 
carried  out  by  the  infinite  series  of  Fourier  and  any  results  da* 
rived,  so  that  it  appears  to  me  merely  an  academic  discussion 
whether  it  is  permissible  to  use  equivalent  sine  waves  or  not^. 
since  you  cannot  use  the  complete  series  of  Fourier  anyway. 
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Pbof.  Franklin  : — If  I  may  be  permitted  to  make  one  more 
remark  I  wish  to  make  clear  what  I  said  a  moment  ago,  and  that 
is  that  the  vector  method,  inchiding  Mr.  Steinmetz's  method,  is 
precisely  the  analytical  method.  It  is  the  solution  corresponding 
to  the  fundamental  harmonic.  You  could  get  another  corres- 
ponding to  the  second  harmonic,  etc.  Indeed  Mr.  Steinmetz 
might  write  a  Fourier  series  of  papers,  one  for  the  first  har- 
monic, one  for  the  second  and  so  on  ad  injinitum  upon  each 
subject  which  he  brings  before  the  Institute.  I  wish  particu- 
larly to  make  the  point  that  the  analytical  method  with  its  Four- 
ier's series  is  precisely  the  same  thing  as  the  vector  method 
including  Mr.  Steinmetz's  method,  except  that  the  latter  as  ordi- 
narily carried  out  is  not  complete.  Further,  in  regard  to  the  con- 
ception of  the  equivalent  wave.  The  use  of  this  conception 
arises  from  the  practical  necessity  of  our  being  satisfied  in  our 
calculations  with  the  results  of  one  solution  instead  of  a  Fourier's 
series  of  solutions ;  and  while  in  some  respects  the  actual  funda- 
mental harmonic  of  the  given  e.  m.  f  or  current  may  represent 
the  actual  state  of  affairs  more  closely  than  any  other  sinusoidal 
E.  M.  F.  or  currents,  in  other  respects  we  know  it  does  not,  and 
we  are  justified  in  basing  our  single  solution  upon  a  sinusoidal 
E.  M.  F.  or  current  which  represents  the  state  of  affairs  most 
closely  in  respect  of  those  things  which  are  of  importance  in  the 
result. 

Mr.  Elias  E.  Hies  : — It  seems  to  me  that  we  have  had  a 
great  deal  of  mathematics  and  quite  a  little  theory  here  this 
evening  and  so  far  as  it  goes  it  has  been  very  interesting.  I  note 
from  Mr.  Steinmetz's  paper,  however,  that  the  single-phase  in- 
duction motor  requires,  in  order  to  make  it  practical,  a  self-start- 
ing device  or  rather  a  separate  starting  device,  and  he  goes  into 
considerable  detail  as  to  various  metliods  that  might  he  used. 
Now,  it  is  a  well  known  fact  that  the  single-phase  synchronous 
motor,  which  is  one  of  the  first  of  the  successful  alternating  cur- 
rent motors  of  which  we  have  any  record,  is  deemed  objection- 
able from  a  practical  point  of  view,  mainly  because  of  the 
necessity  of  employing  some  means  of  starting  it.  I  should  like 
to  inquire,  since  I  do  not  see  in  the  paper  any  reference  made  as 
to  the  particular  type  of  motor,  if  an  actual  motor  was  used  in 
making  these  tests,  and  I  should  like  to  ask  what  the  practical 
results  were  that  Mr.  Steinmetz  obtained  in  making  these  tests 
and  whether  or  not  he  has  come  to  the  conclusion  that  the  single- 
phase  induction  motor,  as  a  practical  and  available  machine,  is  in 
advance  of  the  single-phase  synchronous  motor.  Of  course  we 
understand  that  the  induction  motor  possesses  the  advantage  in 
most  cases  of  dispensing  with  the  commutator  and  other  compli- 
cated mechanical  devices,  but  as  a  practical  machine,  takmg 
everything  into  consideration,  has  he  found  and  is  he  in  a  posi- 
tion to  state  to  the  members  of  the  Institute  as  a  result  oi  his 
experiments  that  this  single-phase  induction  motor,  as  compared 
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with  the  polyphase  induction  motor,  is  in  a  position  wliere  it  can 
be  applied  to  practical,  every-day  u&e.  I  think  the  Institute 
would  be  interested  in  hearing  something  on  that  side  of  the 
question. 

Mb.  Steinmetz  : — I  may  state  that  the  single-phase  induction 
motor  is  a  standard  article  of  manufacture  and  has  been  built 
and  sold  in  sizes  up  to  100  h.  p. 

On  high  frequency  circuits  these  motors  are  used  only  in  sizes 
up  to  15  H.  p.,  not  because  large  sizes  cannot  be  built,  but  due  to 
the  nature  of  most  high  frequency  circuits,  in  which  parallel 
operation  is  not  practiced,  and  usually  a  number  of  small  genera- 
tors are  employed  and  circuits  of  limited  capacity  which  do  not 
permit  the  massing  of  larger  loads  as  do  large  single-phase  induc- 
tion motors. 

Low  frequency  single  phase  motors  are  used  to  a  limited  ex- 
tent only,  since  most  low  frequency  circuits  or  more  modem  in- 
stallations employ  either  a  polyphase  system  or  a  monoyclic 
system,  and  in  either  case  the  self-starting  polyphase  motor  can 
be  used. 

The  essential  difference  between  the  single-phase  induction 
motor  and  the  single-phase  synchronous  motor  is  that  the  singte- 
phase  synchronous  motor  has  to  be  brought  up  to  complete  syn- 
chronism and  is  thrown  out  of  step,  that  is  comes  to  a  standstill 
if  the  frequency  changes  suddenly.  Thus  it  cannot  be  used  sat- 
isfactorily in  these  high  frequency  stations  in  which  the  alterna- 
tors are  not  operated  in  parallel  but  with  the  changes  of  load  the 
circuits  are  switched  over  from  one  machine  to  another  machine, 
that  is  in  most  high  frequency  stations.  In  such  stations,  with 
increase  of  load  on  one  generator,  circuits  operated  by  this  gen- 
erator are  thrown  over  to  another  generator,  which  being  lightly 
loaded,  usually  runs  at  a  higher  speed,  that  is  higher  frequency, 
and  in  consequence  thereof  all  the  synchronous  motors  operated 
on  such  a  circuit  are  thrown  out  of  step,  which  obviously  is  very 
objectionable,  and  the  main  objection  against  introduction  of  the 
single-phase  synchronous  motor.  The  single-phase  induction 
motor,  however,  in  such  a  case  will  keep  running,  since  it  does 
not  depend  upon  exact  synchronism  but  operates  at  a  speed  some- 
what below  synchronism. 

Mr.  Ries  : — What  I  had  in  view  in  putting  the  question 
was  an  application  for  the  single-phase  motor  which  has 
not  yet  reached  a  practical  stage  to  any  extent.  I  had  in  mind 
the  employment  of  single-phase  motors  for  electric  railway  work, 
long  distance  transmission  and  so  on,  in  which  alternating  cur- 
rents are  used,  with  special  reference  to  a  system  of  secondary 
distribution  employing  a  single  supply  and  return  conductor  such 
as  now  used  in  direct  current  railways,  and  it  was  in  that  con- 
nection that  I  wanted  a  little  further  information  from  Mr. 
Steinmetz  as  to  what  particular  stage  the  single-phase  induction 
motor  has  reached  as  compared    with  the  well  known  synchro- 
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nous  form.  For  stationary  motors,  where  there  is  no  particular 
difficulty  in  running  a  third  wire,  a  two-phase  or  three-phase 
system  of  power  distribution  may  liave  some  advantages,  at  least 
under  existing  conditions.  In  the  case  of  locomotors,  however, 
the  use  of  three  separate  conductors  and  sets  of  collecting 
devices  for  maintaining  contact  with  them  is  productive  ot 
mechanical  complications  which  may  as  well  be  avoided  and 
which  can  best  be  overcome  by  the  adoption  of  an  efficient 
sinfifle-phase  transmission  system. 

Mr.  Steinmetz  : — I  do  not  see  what  I  can  say  regarding  that 
inquiry.  As  far  as  I  know,  no  single-phase  synchronous  motor 
has  ever  been  tried  on  a  railway  car,  and  no  single-phase  induc- 
tion motor  either  as  far  as  I  know,  and  since  it  is  much  easier  to 
use  a  direct  current  motor,  and  wherever  the  distance  is  great  to 
transmit  the  power  over  a  three-phase  transmission  line  by  rotary 
converters,  there  has  thus  far  been  very  little  call  for  alternat- 
ing railway  motors,  and  the  only  promising  field  which  I  could 
see  for  them  would  be  very  heavy  railway  work  or  very  high 
speed  roads,  that  is  100  miles  or  more  per  hour,  and  other  kinds 
of  special  work  in  which  a  polyphase  induction  motor,  or  per- 
haps even  a  single-phase  induction  motor  may  perhaps  be  satis- 
factorily employed. 

[Adjourned.] 
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New  York,  March  23d,  1898. 

The  123d  meeting  of  the  Institute  was  held  this  date  at  12 
West  3l8t  Street,  and  was  called  to  order  by  President  Crocker 
at  8:20  P.  M. 

The  Pkesident: — The  Secretary  has  a  few  announcements 
to  make  before  taking  up  the  business  of  the  evening. 

The  Secretary  : — At  the  meeting  of  the  Council  held  this 
afternoon  the  following  associate  members  were  elected  : 

Name  Address.  Endoned  by 

Davis,  Albert  G.       Acting    Manager,     Patent     Dep't,    Chas.  P.  Steinmetz. 

General    Electric  Co.,    Sclienec-    Ernest  Berg, 
tady,  N.  Y.  Eskil  Berg. 

Gallatin.  Albert  R.  Student  at  Columbia  University,    F.  B.  Crocker, 

residence  58  W.   55th  St.,  New    W.  H.  Freedman. 
York  City.  W.  H.  Ripley. 

Gaytes,  Herbert       Electrical  Engineer,  Realty  Syndi-    W.  M.  Stine. 

cate  Railways,  Piedmont   Power    B.  J.  Arnold 
House,  Oakland,  Cal.  S.  A.  Rhodes. 

Griffin,  Russell  AoxEw,    Purchasing-  Agent,  American    F.  A.  Pickernell. 

Telephone  &  Telegraph  Co.,    15    S.  D.  Field. 
Dey  Street,  New  York  City.  R.  W.  Pope. 

LiEE,  Francis  Valentine  T.     Engineer,    (Pacific    Coast  F.  A.  C.  Perrine. 

Dept.)  Stanley  Electric  MTgCc,  C.  L.  Corv. 

300  California  St.,  San  Francisco,  F.  P.  Medina 
Cal. 

LoEWENTHAL,  Max     Associatc    Editor,      The    Electrical    F.  B.  Crocker^ 

Engineer  ;     residence,   831    Park    T.  C.  Martin. 
Ave.,  New  York  City.  Max  Osterberg. 

Pope,  Henry  W.        Special  Agent,  American  Telephone    S.  D.  Fiehi. 

&  Telegraph  Co.,   residence,  200    R.  W.  Pope. 
W.  83d  Street,  New  York  Citv.         T.  D.  Lockwood. 

Reichmann,  Fritz      Instructor  of  Phvsics,  The  Univer-    A.  L.  McRae. 

sity  of  Texas;  309  E.  11th  St.,     H.  H.  Humphrey. 
Austin,  Tex.  Brown  Avres. 

Theberath,  Theodore  E.      Pacific      Coast      Engineer,     F.  A.  C.  Perrine. 

Stanley  Electric    MTg   Co.,    30U    Geo   P.  Low. 
California  St.,  San  Francisco,  Cal.     F.  P.  Medina. 
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Pliess,  Robert  Anton,     Student  of  Electrical  Engineer-    P.  B.  Crocker. 

ing,   Columbia  University  ;    resi-    G.  P.  Sever. 

dence.  2U1  W.  66th  St..  New  York    W.  H.  Preedmaii. 

Citv. 
ToUl  10. 

In  accordance  with  the  wishes  of  the  meeting  which  was  held 
at  New  York  and  Chicago  to  discuss  the  question  of  standardiz- 
ing generators,  motors  and  trans'formers,  the  Council  this  after- 
noon appointed  the  following  committee  of  seven  to  consider  the 
question  and  report  to  the  Council : 

Francis  B.  Crocker,  J.  TV.  Lieb,  Jr., 

Cary  T.  Hutchinson,  C.  F.  Steinmetz, 

Arthur  E.  Kennelly,  L.  B.  Stillwkll, 

Elihu  Thomson. 

At  the  same  meeting,  in  accordance  with  the  Constitution,  the 
Council  selected  the  following  nominees  for  the  coming  election 
from  the  nominations  sent  in  by  the  membership: 

For  President : 

Arthur  E.  Kennelly. 

For   Vice-Presidents: 

Robert  B.  Owens, 
William  Stanley, 
Cary  T.  Hutchinson 

For  Mamtgers : 

Herbert  Lloyd, 
Samuel  Sheldon, 
GEORt>E  Y,  Sever, 
Charles  P.  Sieinmetz. 

For  Secretary : 

Ralph  W.  Pope. 

For  Treasurer: 

George  A.  Hamilton. 

The  nominations  sent  in  very  clearly  expressed  the  desire  of 
the  membership  that  the  present  incumbent  should  serve  for 
another  term  as  President,  but  Dr.  Crocker  positively  declined, 
on  account  of  his  probable  absence  during  the  next  year,  beginning 
in  the  fall.  He  expects  to  go  abroad  and  he  wished  to  cut  loose 
from  all  duties,  of  which  the  presidency  was  one.  The  paper 
this  evening  was  to  have  been  road  by  the  author,  but  I  received 
from  him  this  morning  a  letter  explaining  his  unavoidable 
absence. 

The  President  : — It  is  quite  unfortunate  that  Prof.  Fessenden 
cannot  be  here  to  present  his  paper,  as  it  is  an  interesting 
subject.  The  paper  was  printed  in  advance  and  has  been 
accessible  to  some  of  the  memljers.  But  as  most  of  the  members 
ahve  not  had  an  opportunity  to  read  it  and  as  the  author  is  not 
here  to  give  us  an  abstract,  it  would  be  well  to  have  the  paper 
read  and  Mr.  Ryan  has  kindly  oflfered  to  do  this. 


A  /»ftr  frtstntta  at  tht  la^rd  McttiKg  qf  tht 
Amtrican  Institute  0/  Electrical  Engineers, 
New  y&rk,  March  23rd,  i8q8^  President  Crocker 
in  the  Chair. 


INSULATIOiV  AND  COXDUCTIOX. 


BY    REGINALD    A.    FKSSENDEN. 


A  thing  insulates  because  it  is  possessed  of  two  distinct  prop- 
erties, first,  the  ability  to  stand  the  mechanical  and  electrical 
stresses  due  to  the  voltages  used;  and,,  secondly,  because  it  is  such 
a  ]X)or  conductor  that  but  a  negligible  small  current  can  flow 
through  it  and  leak  away.  In  other  words,  it  will  neither  allow 
the  current  to  break  through  it,  nor  to  steal  through  it.  The 
first  property  is  called  by  Maxwell  the  "dielectric  strength" 
of  the  insulator,  the  other  property  is  called  the  ohmic 
resistance.     The  two  together  form  its  insulating  power. 

In  the  two  great  branches  of  electrical  work,  the  requirements 
for  an  insulator  are  widely  different.  For  apparatus  used  for 
the  transmission  of  intelligence  as  a  rule  low  voltages  are  used, 
and  80 dielectric  strength  is  of  relatively  small  importance,  but  the 
currents  used  are  small,  the  circuits  long,  and  material  of  high 
ohmic  resistance  is  needed.  For  apparatus  designed  for  the  gener- 
ation and  transmission  of  electric  energy,  on  the  other  hand,  where 
the  voltages  are  high  and  the  currents  large,  dielectric  strength  is 
the  main  thing  desired  and  the  leakage  of  a  small  amount  of  cur- 
rent is  not  objectionable.  Consecjuently  the  two  bmnches  of  the 
profession  have  come  to  use  the  word  "  insulation  "  in  quite  differ- 
ent senses,  the  former  and  older  as  meaning  something  having 
high  ohmic  resistance,  and  the  latter  branch  using  it  with  refer- 
ence chiefly  to  material  having  great  dielectric  strength. 

Confusion  sometimes  occurs  through  this  double  meaning,  and 

the  writer  himself  has  been   taken  to  task  by  a  European  en- 

'gineer  for  stating  that  pure  water  was  approximately  as  good  an 

nsulator  as  rubber,  the  critic  having  reference,  as  was  ai>parent, 
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to  ite  ohmic  resistance,  whilst  the  original  note  was  principally 
concerned  with  its  dielectric  strength.  It  is  therefore  considered 
best  to  define  the  sense  in  which  the  word  is  used,  in  spite  of 
the  fact  that  attention  has  previously  been  called  to  the  distinc- 
tion to  be  made  between  these  two  properties ;  notably  and  very 
lucidly  by  Mr.  Steinmeitz  in  this  Institute's  proceedings,  vol. 
ix.,  p.  816. 

Before  entering  upon  the  discussion  of  the  various  purposes 
for  which  insulation  is  used  and  of  the  substances  best  suited  to 
each  case  it  may  be  as  well  to  give  a  brief  account  of  the  manner 
in  which  the  current  passes  through  materials. 

1.  £y  a<^tual  convectiofi. — That  is  by  particles  of  the  insulator, 
or  of  foreign  substances,  taking  a  charge  from  one  electrode  and 
moving  with  it  to  the  other  terminal  under  the  influence  of  the 
voltage.  This  action  is  similar  to  that  of  the  moving  pith  ball 
between  the  two  knobs  of  a  Iloltz  machine. 


0 


4 


Fig.  1. 

The  ball  c  having  touchcil  a  and  got  a  +  charge,  is  repelled  and  moves  over 
to  B.  where  it  gives  up  its  charge,  takes  up  a  —  charge  and  moves  back  to  a. 

This  phenomenon  is  not  known  to  take  place  in  solids,  but 
it  is  quite  marked  in  gases,  vapors  and  fluids. 

Until  recently  it  was  a  question  of  no  practical  imj>ortance  in 
electrical  engineering,  but  with  the  high  voltages  now  in  use  or 
contemplated  it  may  give  serious  trouble,  and  apparatus  must  be 
designed  to  check  this  form  of  leakage.  It  was  not  so  long  ago 
that  Ferranti's  10,000  volts  was  looke<l  upon  as  monstrous,  but 
some  experiments  of  the  large  companies,  of  which  I  have  been 
informed,  seem  to  show  that  100,000  volts  may  be  quite  practic- 
able, even  in  quite  unfavorable  climates.  With  overhead  wire 
the  leakage  will  merely  mean  a  loss  of  energy,  and  the  use  of 
porcelain  for  all  insulation,  as  any  oxidizible  material  (used  for 
instance  to  protect  the   primaries  of  transformers),  would   be 
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fipeedily  destroyed  by  the  ozone.  Where,  however,  oil  is  used 
in  the  transformers,  the  leakage  may  cause  quite  serious  trouble, 
owing  to  the  large  surfaces  and  their  proximity.  In  addition,  as 
Prof.  Elihii  Thomson  pointed  out  some  years  ago,  with  high  po- 
tentials, impurities  in  the  oil  are  apt  to  group  themselves  along 
the  lines  of  highest  slope  of  potential  like  the  iron  filings 
around  a  magnet,  and  if,  as  is  generally  the  case,  the  impurities 
have  a  higher  specific  inductive  capacity  than  the  oil  such  a 
group  is  thus  apt  to  form  a  bridge  between  two  points  of  great 
difference  in  potential  hence  causing  an  arc.  In  those  convec- 
tion currents  it  is  not,  I  believe,  the  very  small  particles  which 
cause  the  trouble,  because  small  bodies,  when  charged  from  a 
comparatively  large  and  smooth  one  are  not  repelled  but  at- 
tracted; consequently  a  small  grain  of  dust  after  touching  a 
highly  charged  flat  conductor  would  remain  close  to  it  if  there 
were  no  negatively  charged  particles  near  it  to  drag  it  away  or 
no  currents  in  the  oil  to  wash  it  off. 

The  relation  between  the  size  of  the  particle,  the  voltage  and 
the  radius  of  the  charged  conductor  when  the  particle  after 
touching  the  conductor  is  neither  attracted  nor  rei>elled  can  be- 
obtained  by  the  method  of  images,  but  the  formula  so  derived  is 
rather  long  and  complicated  and  I  have  not  had  time  to  work 
out  the  numerical  results. 

It  is  evident,  however,  from  it,  that  for  a  convective  cur- 
rent to  take  place  the  radius  of  the  particles  carrying  the  dis- 
charge must  be  a  quite  appreciable  fraction  of  the  radius  of  the 
charged  conductor.  Consequently  this  form  of  leakage  is  due 
to  the  motion  of  a  portion  of  the  oil  as  a  whole  and  not  of  its 
individual  particles,  and  if  we  can  break  up  mechanically  these 
currents  we  can  to  a  great  extent  stop  the  leakage  from  this 
cause.     This  may  be  done  in  three  ways : — 

1.  By  using  oil  of  great  viscosity,  in  which  case,  however,  we 
lose  the  chief  advantage  of  oil  insulation,  i,e.^  its  ability  to  re- 
insulate  quickly  after  a  discharge. 

2.  By  putting  pure  dry  cellulose  in  some  form  or  other  be- 
tween the  charged  surfaces  loosely,  so  that  the  oil  can  filter 
through  it  easily  and  any  air  esca])e  readily,  but  sufficiently  close 
to  prevent  any  rapid  tlow.  Pure  cellulose  has  the  great  advan- 
tage that  when  well  l)oiled  in  the  oil  it  has  approximately  the  same 
specific  conductive  capacity  as  the  oil.  No  varnish  or  shellac 
should  be  used  in  the  oil  for  reasons  given  later. 
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3.  By  dissolving  a  solid,  non-disassociating  substance  in  the  oil 
in  such  excess  that  it  crystallizes  out  at  ordinary  temperatures 
and  forms  with  the  oil  a  soft  gelatinous  mass,  not  fluid,  but  yet 
capable  of  allowing  the  oil  to  ooze  through  its  substance.  This 
has  many  of  the  disadvantages  of  1,  but  it  has  one  advantage,  in 
that  the  substance  chosen  may  be  one,  like  paraflin,  having  a  large 
specific  heat  of  liquefaction,  and  consequently  an  overload  will 
not  raise  the  temperature  of  the  oil  above  a  fixed  point  till  the 
paraffin  is  all  melted. 

The  effect  of  points  in  promoting  convective  discharges  in  air 
is  well  known.  It  is  usually  attributed  to  the  great  surface 
density  of  electricity  which  a  point  must  take  in  order  to  make 
the  potential  all  over  the  conductor  the  same,  and  hence,  since 
the  repulsive  force  varies  as  the  square  of  its  surface  density,  it  is 
evident  that  there  will  be  a  great  tendency  for  discharge  from  a 
point  from  this  cause.  But  there  is  another  and  very  important 
one,  ?'.^.,  the  fact  that,  as  mentioned  above,  a  particle  cannot  take 
a  charge  and  move  away  unless  its  radius  is  larger  than  a  certain 
fraction  of  the  radius  of  the  curvature  of  the  conductor  at  the 
point  where  it  touches  the  latter;  consequently  when  the  charged 
surface  is  a  plane  only  large  aggregations  of  atoms  can  move 
away ;  these  move  slowly  and  carry  small  charges  in  proportion 
to  their  mass.  But  at  points  where  the  radius  of  curvature  is 
very  small,  small  particles  can  move  away  with  great  rapidity 
and  with  relatively  large  charges.  Rounding  off  or  flattening 
the  charged  surfaces  thus  acts  in  a  double  way,  by  reducing  the 
surface  density  and  by  preventing  all  but  large  sized  particles 
moving  away. 

2.  Conduction  in  Solids. — It  is  not  absolutely  certain  that 
all  conduction  is  not  by  convection,  but  the  terms  are  here  use<l 
with  their  usual  signification.  In  solids  we  do  not  know  as  yet 
exactly  how  the  discharge  is  handed  on,  but  I  have  noted  a  very 
remarkable  fact,  which  is  (juite  significant  and  suggestive,  i.e.y 
that  the  conductivities  of  metals  are  j)roportional  to  the  quantity 


cUisticity  ^  valency.     The  following  table  shows  this. 


This  fact  was  discovered  by  the  writer  in  IS02,^  as  the  result 
of  several  years  tedious  work  in  collecting  physical  data  and 
combinincr  them  into  formuhe  to  see  if  any  law  could  be  found. 


1.  Sciencf,  July  22,  1892. 
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Table  of  Calculated  and  Observed  Resistivities. 


Mbtal. 


Silver 

Copp«r 

Gold 

Alnminiuni. 
Magnesium, 

Zinc 

Cadmium.. . 

Tin 

Thallium... 

Lead 

Iron 


Atom. Vol. 

I0.2 

7.» 

lo.a 

10.5 

«4. 

9-4 

^l- 

16. a 

»7.3 

18. a 

7.2 

Beryllium. 


Atom.  Wt. 

xc€. 

63.3 
197. 
27. 

24-4 

65.5 
iia.2 
118. 
204. 
207. 

56. 
9. 


V  4LII NCY. 


I 

a 
I 

3 

4 

4 
4 
8 
6 
8 
8 
4  or  8 


R. 
Calc. 

R. 
Orsbrvbd. 

100 

100 

ia6 

ic6 

»35 

«37 

»5a    • 

«$9 

aac 

275 

3CO 

35» 

456 

450 

1030 

878 

1060 

1190 

1470 

1305 

480 

646 

50  or  100 

•  •  ■  • 

Out  of  the  hundreds  of  combinations  tried,  this  and  another  one 
(really  the  same  ultimately,  but  expressed  in  terms  of  other  prop- 
erties), were  the  only  ones  which  seemed  hopeful.  It  was 
stated  in  the  article  referred  to,  that  this  formula  could  not  be 
quite  correct.  This  was  for  the  following  reason  :  Silver,  gold 
and  aluminium  should,  as  will  be  seen  from  the  formula  given 
below,  have  resistances  proportional  to  the  s(j[uare  roots  of  their 
densities  multiplied  by  their  valencies,  Le.^  in  the  ratio  of 


VTOT)     :    1/19.20    :    V  2.05  X  3 

i,  <?.,  100    :    136    :    150. 

Now  at  this  time  the  best  determinations  of  the  resistance  of 
aluminium  with  which  I  was  acquainted  gave  it  as  193  to  silver 
100.  With  such  a  wide  discrepancy  therefore  between  calcula- 
tion and  observation,  /.e?.,  193  instead  of  150,  it  did  not  seem 
probable  that  the  high  observed  value  could  be  modified  by  sub- 
sequent determinations  so  as  to  agree  with  the  calculated  one. 
It  was,  therefore,  with  considerable  pleasure  that  I  saw  the  recent 
determination  of  Messrs.  Richards  and  Thomson  (published  last 
year  in  the  Journal  of  the  Franklin  Institute;),  Their  results 
for  aluminium,  99.6(1  pure,  were  : 

Aluminium  :  Silver  :  :  163  :  loO, 

and  they  expressed  the  opinion  that  the  value  for  pure  aluminium. 
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when  hard-drawn,  would  be  66  per  cent,  of  the  conductivity  of 
copper.  This  result  is  so  close  to  the  calculated  result  given 
in  the  paper  referred  to,  i.e.y 

17  :  27  =  100  :  159, 

though  such  a  high  conductivity  for  aluminium  was  considered 
beyond  the  bounds  of  probability  at  that  time,  that  I  feel  justified 
in  considering  that  the  formula  given  may  be  found  fairly  ac- 
curate when  more  exact  determinations  shall  have  been' made. 

This  formula  throws  a  certain  light  on  the  nature  of 
conductivity  in  solids,  and  why  some  solids  are  insula- 
tors.    For  the  formula  V   ^ensit^^  ^®  *'^®  ®*^^^  ^   *^**   '^^  **^® 

velocity  of  sound  in  a  body.  Now,  in  the  convective  discharge, 
the  electricity  was  handed  on  with  the  same  velocity  as  that 
with  which  the  particles  moved.  In  fluids,  as  we  shall  see,  the 
electricity  is  handed  on  with  the  velocity  with  which  the  ions 
move.  In  both  cases  the  electricity  travels  along  on  the  particles 
of  matter. 

The  idea  that  electrical  flow  in  solid  conductors  might  also  be 
a  simple  handing  on  from  one  atom  to  another  suggested  itself 
nearly  a  decade  ago  to  Professor  Lodge.  That  brilliant  and 
careful  reasoner  and  experimenter,  who  has  cleared  up  so  many 
patches  of  scientific  jungle^  gives  a  very  clear  description  of  the 
manner  in  which  this  would  happen  if  such  were  th"fe  case.  I 
cannot  do  better  than  quote  him,  as  it  will  show  how  well  this 
idea  agrees  with  all  the  facts  then  known,  but  one. 

"  But  if  we  are  not  satisfied  with  this  vague  analogy,  and  wish 
to  penetrate  into  the  ultimate  nature  of  heat  and  the  mode  in 
which  it  can  be  generated,  then  we  can  return  to  the  considera- 
tion of  a  multitude  of  oscillating  and  colliding  particles,  moving 
with  a  certain  average  energy  which  determines  what  we  call 
the  temperature  of  the  body.  If  now  one  or  more  of  these 
bodies  receives  a  knock,  the  energy  of  the  blow  is  speedily  shared 
among  all  the  others,  and  they  all  begin  to  move  rather  more 
energetically  than  before :  the  body  which  the  assemblage  of 
particles  constitutes  is  said  to  have  "risen  in  temperature."  This 
illustrates  the  production  of  heat  by  a  blow  or  other  mechanical 
means.  But  now,  instead  of  stri/fhi^  one  of  the  balls  give  it  an 
electric  charge;  or,  better  still,  put  within  its  reach  a  constant 
reservoir  of  electricity  from  which  it  can  receive  a  charge  every 
time  it  strikes  it,  and  at  the  same  time  put  within  the  reach  of 
some  other  of  the  assemblage  of  particles  another  reservoir  of 
infinite  capacity  which  shall  be  able  to  drain  away  all  the  elec- 
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tricity  it  may  receive.  In  practice  there  is  no  need  of  infinite 
reservoirs :  all  that  is  wanted  is  to  connect  two  finite  reservoirs, 
or  "  electrodes,"  as  one  might  now  call  them,  with  some  constant 
means  of  propelling  electricity  from  one  to  the  other,  i.e,  with 
the  poles  of  a  voltaic  battery  or  a  Holtz  machine. 

What  will  be  the  result  of  thus  passing  a  series  of  elec- 
tric charges  through  the  assemblage  of  particles  ?  Plainly  the 
act  of  receiving  a  charge  and  passing  it  on  will  tend  to  increase 
the  original  motion  of  each  particle  ;  it  will  tend  to  raise  the 
temperature  of  the  body.  In  this  way,  therefore,  it  is  possible 
to  picture  the  mode  in  which  an  electric  current  generates  heat. 

But  although  this  process  may  be  used  as  a  possible  analogy,  it 
cannot  be  a  true  and  complete  statement  of  what  occurs ;  for  it 
is  essentially  the  mode  of  propagation  of  sound,  Sound  travels 
at  a  definite  and  known  velocity,  being  a  mechanical  disturbance 
banded  on  from  particle  to  particle  in  the  manner  described. 
But  heat,  being  some  mode  of  motion,  must  also  be  handed  on 
after  some  analogous  fashion,  so  that  when  heat  is  supplied  to 
one  point  of  a  mass  it  spreads  or  diffuses  through  it.  It  is  diffi- 
cult to  suppose  the  conduction  of  heat  to  be  other  than  the  hand- 
ing on  01  molecular  quiverings  from  one  to  another,  and  yet  it 
takes  place  according  to  laws  altogether  different  from  those  of 
the  propagation  of  the  gross  disturbance  called  sound.  The 
exact  mode  of  conduction  of  heat  is  unknown,  but,  whatever  it 
s,  it  can  hardly  be  doubted  that  the  conduction  of  electricity 
through  metals  is  not  very  unlike  it,  for  the  two  processes  are  the 
same  Taws  of  propagation  :  they  are  both  of  the  nature  of  a  dif- 
fusion, they  both  obey  Ohm's  law,  and  a  metal  which  conducts 
heat  well,  conducts  electricity  well  also." 

I  have  said,  "  with  all  the  facts  then  known  but  one."  This 
because,  as  mentioned  in  the  abstract  given  above,  there  seemed 
to  be  no  good  evidence  for  the  view  that  there  was  any  connection 
between  the  conduction  of  sound  and  of  electricity.  The  reason 
for  this  lay  in  the  fact  that  very  few  determinations  had  been 
made  of  the  velocity  of  sound  in  the  pure  metals,  though  a  con- 
siderable number  had  been  made  on  alloys  and  commercial  ma- 
terials.^ 

1.  I  am  here  moved  to  again  call  attention  to  the  fact  that  an  immense  amount 
of  pb3rBical  experimental  work  is  misdirected.  It  is  no  doubt  quite  gratifying 
to  ascertain,  after  several  years  laborious  work,  that  a  particular  piece  of  brass 
orstoel  of  not  very  definitely  known  composition  an<i  in  a  quite  indefinite  physi- 
cal state  has  a  temperature  coefficient  of  expansion  expressed  by  five  significant 
figures,  but  such  information  must  be  considered  as  pieces  of  philosophic  virtu- 
intrinsically  worthless,  but  possibly  possessing  a  value  by  reason  of  their  unique^ 
ness  and  associations.  I  have  pointed  out  elsewhere  {Jour.  Frank.  In»t.)  that 
at  the  present  time,  in  spite  of  the  fact  that  much  has  been  done,  notably  by 
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Consequently  no  general  law  could  be  discovered,  though  it 
cannot  be  doubted  but  that  had  the  formula  for  the  relation  be- 
tween Young's  modulus  and  atomic  volume  discovered  by  the 
writer^  been  known  at  that  time,  this  evidence  of  a  still  more 
intimate  connection  between  sound,  heat  and  electricity  would 
have  been  discovered  by  Dr.  Lodge. 

The  formula  referred  to  is  : 

Young's  Modulus  =  -Il2<J-2!L. 

(atom,  vol.f 

Hence  it  is  possible  to  predetermine  the  velocity  of  sound  in 
wires  by  the  formula : 

xr  1     ..    .                                          883  X  10^ 
Velocity  m  cms.  per  sec.  = — —  , 

atom.  vol.  X  V^density 

and  the  electric  resistivity  is  given  roughly  by  : 

Resistivity  =  45  X  10"*  X  atom.  vol.  X  i^density  X  valency. 

This  formula  possesses  a  general  interest,  inasmuch  as  it  would 
seem  that  while  the  strain  in  the  dielectric  is  proi)agated  with  the 

velocity  of  light,  i,  e.  i^^fi,  the  actual  electricity  in  the  wire 
is  handed  on  with  the  velocity  of  sound,  and  is  proportional  to 

'  ^.    The  significance  of  this  will  be  treated  of  elsewhere. 

Suppose  a  wheel,  with  elastic  spokes  and  a  heavy  rim  bound 
outside  with  a  band  of  horsehair,  the  horsehair  rubbing  against 
a  series  of  violin  strings  mounted  parallel  to  the  axis  of  the  wheel, 
as  shown  in  Fig.  2.  Suppose  each  violin  string  has  mounted 
upon  it  a  small  metallic  bead  charged  with  electricity,  so  that  when 
the  strings  vibrate  the  beads  can  touch.  Then  on  grasping  the 
wheel  at  b,  after  a  time  depending  upon  the  elasticity  and  mass 
of  the  wheels  a  spark  will  be  seen  at  a,  but  the  actual  velocity 
with  which  the  electricity  moves  round  the  circuit  of  violin 
strings  will  depend  upon  the  elasticity  and  mass  of  the  strings. 
In  passing,  we  may  note  several  things : 

Matthiesscn,  Roberts- Austen  and  others,  we  have  not  at  present  any  data  in 
regard  to  90  per  cent,  of  the  more  important  projMsrties  of  the  simpler  metals 
used  in  the  arts.  Tlie  importance  of  having  a  standard  state  for  solids;  of  a 
central  bureau  to  furnish  pure  materials  in  a  standard  physical  state  to  experi- 
menters, and  the  exclusive  use  of  >uch  materials  by  experimenters,  cannot  be 
overestimated. 

1.  RUc.  World,  Aug.  22,  1891;  SoUne^,  July  22,  1892. 
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Ifit.  That  for  this  analogy  to  hold  at  all,  the  atomg  must  be 
charged  even  in  a  conductor  not  carrying  current ;  wliich  is  signi- 
iicant  when  taken  in  connection  with  the  fact  pointed  out  by  the 
writer  in  the  papers  above  referred  to,  that  if  we  calculate  the 
tensile  strength,  rigidity  and  Young's  modulus  on  the  assumption 
that  ihese  effects  are  due  to  charges  on  the  atoms,  we  get  results 
agreeing  very  closely  with  experiment. 

2nd.  That  in  a  circuit  having  many  atoms  in  the  cross  section 
the  energy  could  be  handed  on  without  actual  contact  by  electro, 
dynamic  processes. 

3d.  That  if  one  part  of  the  circuit  were  composed  of  violin 
strings  tuned  to  a  different  note-period  from  the  other  we  would 
get  effects  similar  to  those  of  thermo-electricity.^ 


Fk;.  2. 

4th.  That  the  reversal  of  the  point  of  greatest  drop  of  ])oten- 
tial  in  a  circuit  of  air  and  carbon  from  the  -\-  to  tlie  —  electrode 
as  the  pressure  is  reduced  may  be  due  to  the  fact  that,  as  shown 
by  the  beautiful  experiments  of  J.  J.  Thomson,  the  molecular 
conductivity  of  air  at  low  pressures  is  extremely  high,  the  elec- 
trode heated  thus  depending  upon  whether  tlie  solid  conducts 
better  than  the  gas,  or  vice  versa. 

5fh.  That  this  same  formula  w(»uld  also  be  applicable  to  a  dif- 
fusion phenomenon,  and  indeed  the  presence  of  valency  in  the 
formula  makes  it  exactly  analogous  to  that  for  the  ditfusion  of 
heat.     Moreover,  Roberts- Austen,  in  a  series  of  striking  experi- 

1.  Compare  the  analogous  proVjloin  (^f  two  iK)rtions  of  gas  t>f  difforent  densities 
in  a  closed  ring  tube,  and  junctions  heated.  Neuman,  Jalirboriohte  f.  Chem.. 
1874.  p  16. 
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ments,  has  shown  that  diffusion  can  take  place  in  solids  at  ordin- 
ary temperatures.  If  a  current  be  howeirer  a  diffusion,  it  may 
be  shown  that  for  fairly  large  current  densities  the  atoms  must 
move  several  cms.  per  second  and  we  might  therefore  expect  in- 
t^rpenetration  when  brad!  and  zinc  terminals  are  joined.  But 
this  does  not  occur  to  any  considerable  extent.  We  may  also 
take  it  as  an  electrolytic  diffusion,  as  is  suggested  by  J.  J.  Thom- 
son in  his  **  Dynamics  Applied  to  Physics  and  Chemistry,"  but 
in  this  case,  even  assuming  the  theory  suggested  by  him  to  ac- 
count for  some  atoms  preferring  a  plus  to  a  negative  charge,  I 
find  it  difficult  to  imagine  the  manner  in  which  the  atoms  could  be 
charged  and  discharged  at  the  surface  of  the  conductor.  It  is  to 
be  noted  that  in  gases  the  phenomenon  of  diffusion,  sound  velo- 
city and  heat  conductivity  are  all  linked  together. 

It  will  be  noticed  that  in  the  table  given,  while  the  metals 
follow  each  other  in  the  order  thev  should  from  calculation,  vet 
the  agreement  is  in  some  cases  not  so  close  as  in  others.  This 
may  arise  from  several  causes : — 1.  The  conductivities  of  but  few 
of  the  metals  are  accurately  known.  2.  The  elasticities  of  but  few 
of  the  metals  are  accurately  known,  and  the  formula  given  for  the 
Young's  modulus  only  roughly  takes  temperature  into  account. 
3.  The  temperature  coefficients  of  the  metals  are  not  the  same. 
For  instance,  that  for  copper  is  over  .4  :  .415,  having  been  ob- 
tained by  Swan  and  Rhodin,  and  .404  by  Kennelly  and  the 
writer,  whilst  silver  is  only  .38,  and  gold  .36.  Consequently  the 
ratio  will  vary  with  the  temperature,  and  at  higher  temperatures 
the  ratio,  resistivity  of  copper  :  resistivity  of  silver  will  be  less. 
This,  it  is  interesting  to  note,  holds  true  for  the  velocity  of  sound, 
for  from  Wertheim's  results  we  have,  velocity  of  sound  in 
silver  :  velocity  in  copper  =  1.35  at  20^  C,  and  only  1.19  at 
200°  C,  and  hence,  just  as  in  the  case  of  electrical  conductivity, 
the  sound  conductivity  of  copper  diminishes  at  a  faster  rate  than 
that  of  silver. 

The  magnetic  metals,  as  iron  and  platinum,  are  very  difficult 
to  obtain  pure.  Their  true  resistance  is  therefore  at  present 
doubtful. 

What  has  been  mentioned  thus  far  concerning  the  resistance  of 
solids  has  had  no  immediate  bearing  on  the  subject  of  insulation. 
It  was  necessary,  however,  in  order  to  introduce  the  following 
considerations. 
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Id  the  formalte,  tLe  valency  was  introduced.  Thii  term  has 
DO  definite  meaning,  ai  the  valency  varies  with  the  compound. 
Consider  the  writer's  chart  of  tlie  elemcntB,  (Fig.  3),  a  moditica- 
tion  of  those  of  Meyer,  Newlands  and  others.  On  one  side  are 
seen  the  metals  of  the  arts.  Above  them  in  vertical  rows  are 
marked  the  figures  1,  2,  3,  4,  etc.  These  figures  indicate  the 
number  of  chemical  linkages  which  as  a  general  role  the  elements 
under  the  figures  tend  to  take  up.     Kot  there  is  no  very  definite 


rule.  Among  the  univalent  metals  some  unite  with  bivalent 
atoms,  as  does  copper,  and  in  general  all  that  can  be  said  is,  that 
a  certain  valency  holds  generally  and  not  in  general.  Oonse- 
qaently  when  we  find  that  by  taking  a  group  of  metals  having 
very  closely  the  same  values  of  Young's  modulus,  as  for  instance, 
gold,  silver  and  aluminium,  their  conductivities  are,  within  the 
limits  of  errors  of  observation,  proportional  to  the  velocity  of 
sonnd  -^  valency ;  and  that  in  any  of  the  group  of  metals  having 
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the  same  valency  the  conductivity  is  directly  proportional  to  the 
velocity  of  sound,  within  experimental  errors,  we  are  to  a  certain 
extent  justified  in  making  a  choice  of  valencies  when  this  is 
needed.  Fortunately,  however,  this  only  occurs  in  two  cases : 
let,  we  must  suppose  copper  to  have  twice  the  valency  of  silver, 
which  we  might,  aj)riori^  have  granted,  for  though  they  are  in 
the  same  group  yet  copper  has  markedly  through  all  its  salts, 
twice  the  valency  that  silver  has.  2nd,  that  thallium  has  twice 
the  valency  of  aluminium,  a  supposition  which  has  no  other 
justification  than  the  fact  that  since  the  formula  holds  in  other 
cases  where  the  valency  are  known  we  have  a  certain  right  to 
use  the  formula  to  find  the  valency. 

Now  it  is  well  known,  especially  from  facts  in  organic  chem- 
istry, that  similar  atoms  or  molecules  can  combine  together  to 
form  what  are  called  polymerized  substances.  For  instance 
three  molecules  of  Cj  H2  acetylene  can  form  one  molecule  of 
benzol,  Cg  Hg.  In  general  we  find  that  these  polymerized  com- 
pounds are  more  crystalline  and  have  higher  melting  points  than 
the  original  substance.  Also  we  note  that  the  number  of  atoms 
in  such  a  polymer  is  generally  a  multiple  of  the  valency  of  the 
atom.  Carbon,  for  instance,  seems  to  prefer  to  go  in  groups  of 
four. 

Considering  now  the  table  of  elements,  we  see  that  as  we  pass 
along  from  row  to  row,  and  as  the  valency  increases,  the  sub- 
stances get  more  crystalline  and  in  many  ways  evince  a  linking 
together. 

1st.  As  mentioned,  they  are  crystalline. 

2nd.  Their  specific  heats  get  abnormally  low,  this  indicating 
that  they  are  polymerized,  or  plexed. 

3d.  They  are  capable  of  existing  in  allotropic  forms. 

4th.  Their  vapor  densities  show  that  several  atoms  are  jointed 
together  into  one  molecule,  and  hence  they  are  almost  certainly  poly- 
merized as  solids  since  the  general  tendency  of  heat  is  to  disasso- 
ciate. Consequently  there  is  some  evidence  for  the  theory  that  met- 
alloids differ  only  from  metals  in  that  they  have  a  greater  tendency 
to  polymerize  from  their  higher  valencies,  which  are  probably  in 
some  way  dependent  upon  the  shapes  of  the  atoms,  and  are  so 
more  crystalline,  etc.  We  might  therefore  look  for  some  evi- 
dence of  polymerization  among  the  metals.  This  is  readily  found, 
as  before  from  the  variation  of  the  specific  heat  from  its  theoret- 
ical  value.     If  this  linkage  were  but  loose,  it  is  evident  that  it 
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might  affect  the  specific  heat  but  little,  and  yet  have  a  marked 
effect  on  other  phenomena.  For  instance,  we  might  suppose  that 
it  would  affect  long  sound  waves  less  than  short  ones.^ 

We  might  therefore  consider  that  when  the  period  of  a  sound 
wave  coincides  with  that  of  the  molecules,  it  is  a  heat  wave,  and 
that  heat  is  transmitted  with  the  velocitv  of  short  sound  waves, 
but  with  a  large  logarithmic  decrement.  If  this  be  proven  by 
experiment  we  would  have  this  relation ;  The  electric  condvc- 
tivities  are  in  the  aanie  ratio  as  the  velocities  of  very  shoi^t  sound 
wnveSy  being  thus  analogous  to  Maxwell's  law  for  the  velocity 
of  light  in  insulators,  in  that  the  velocity  varies  with  the  period- 
icity. 

We  have  seen  above  that  the  electric  resistivity  varies  directly 
as  the  valencv.  Also  it  has  been  indicated  that  there  is  some 
evidence  to  show  that  the  polymerization  or  plex  varies  as  the 
valency.  Therefore  we  are  led  to  assume  that  increase  of  resist- 
ance accompanies  polymerization  or  the  linking  together  of  the 
atoms  into  groups.  We  see  that  this  might  hinder  the  transmis- 
sion in  various  ways  since  the  groups  would  not  vibrate  so 
quickly  as  the  single  atoms  and  there  would  be  fewer  of  them 
per  unit  cross-section.  Anything,  therefore,  which  tends  to  give 
molecular  complexity,  tends  to  give  high  resistance ;  hence  we 
see  why  alloys  are  generally  higher  in  resistance  than  the  average 
of  their  components. 

The  resistance  increases  with  density  and  molecular  complexity 
and  inversely  with  the  elasticity.  Consequently  whether  a  re- 
sistance increases  or  decreases  with  temperature  will  depend 
upon  whether  the  molecular  union  is  weakened  at  a  less  or  greater 
rate  than  the  elasticity  falls  off. 

In  getting  a  concept  of  this  we  may  consider  a  conductor  as 
analogous  to  a  government  department,  the  different  atoms  or 
oflScials  being  bound  together  into  groups   by  valency  bonds,  the 

analogue  to  which  is  evidently  ''  red  tape.''  The  rate  at  which 
a  given  impulse  is  handed  on  will  evidently  depend  inversely 
upon  the  amount  of  red  tape  and  the  density,  or  stupidity,  of  the 
individual  official.     The  two  causes  are  often  confused. 


1.  The  writer  ventures  to  suggest  that  the  velocity  of  very  short  waves  of 
sound  in  copper  may  be  found  soniewliat  less  than  half  of  that  given  now  for 
audible  tones,  while  that  of  lead  may  be  reduced  to  but  one-eighth  of  its  value  as 
given  at  present. 
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We  must  therefore,  for  solid  insalation,  get  substances  which 
are  strongly  linked  together,  of  great  density,  and  of  small 
modulus  of  elasticity.  The  first  is  the  property  which  varies 
most,  since  density  and  elasticity  vary  between  comparatively 
narrow  limits. 

3.  Co7iductwity  in  fluids. — The  nature  of  the  manner  in 
which  electricity  is  conducted  in  electrolytes  has  been  very 
thoroughly  worked  out  by  Clausius,  Arrhenius,  Hittorff,  Kohl- 
rausch,  Nemst,  Ostwald  and  others,  and  the  work  of  these  physi- 
cists has  led  to  the  linking  together  of  results  in  a  way  which  is 
simply  marvelous.  As  the  results  can  be  obtained  from  works 
on  physical  chemistry,  a  very  brief  resume  is  given. 

The  atoms  of  a  solid  are  held  together  by  the  force  of  cohesion 
and  driven  apart  by  the  hitting  of  the  atoms  on  each  other,  due 
to  the  fact  that  they  are  in  vibration,  possessing  kinetic  energy 
proportional  to  the  temperature.  The  molecule  may  also  be 
pulled  apart  by  the  cohesive  attractions  of  its  atoms  for  other 
atoms.  Whether  a  substance  is  a  solid  or  a  gas  depends  upon 
whether  the  fraction : 

Cohesive  force  of  atoms  for  one  another  +  external  force 
Kinetic  repulsion  -|-  cohesive  attraction  for  other  atoms 

is  greater  or  less  than  unity.  We  can  thus  turn  a  substance  into 
a  gas  in  two  ways,  i,  e.  by  increasing  the  kinetic  energy  of  the 
atom  by  heating  it,  or  by  bringing  it  in  contact  with  other  atoms, 
when,  if  the  sum  of  the  terms  in  the  denominator  is  greater  than 
the  numerator,  it  will  dissolve. 

We  have  to  distinguish  two  kinds  of  linkages  in  solids,  the 
cohesive  force  of  the  atoms  for  one  another  in  uniting  to  form  a 
molecule,  and  the  attraction  of  the  molecules  for  each  other. 
The  former  generally  is  stronger  than  the  latter ;  consequently 
we  may  have  a  substance  which  on  being  put  into  contact  with 
a  solvent  will  have  its  molecules  pulled  apart  from  one  another 
but  not  its  atoms.  In  the  presence  of  another  solvent  however, 
the  second  term  may  be  sufficiently  great  to  pull  apart  not  only 
the  molecules  but  also  the  atoms  of  the  molecules.  The  substance 
is  then  said  to  be  not  only  dissolved  but  disassociated.  But  dis- 
solved substances  give  an  osmotic  suction  per  sq.  cm.  which  is 
equal  numerically  to  the  kinetic  pressure  which  the  substance 
would  have  if  it  were  turned  into  a  gas  at  the  same  temperature 
and  volume  as  the  solution.  A  number  of  proofs  of  more  or  less 
validity  have  been  given  for  this,  but  it  seems  to  the  writer  to 
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follow  at  once  from  the  obvious  fact  that  if  we  take  a  solid  and 
heat  it  and  dissolve  it,  the  kinetic  repulsion  must  always  eqaal 
the  cohesive  attraction  phis  the  vapor  pressure  when  equilibrium 
is  reached. 

This  phenomenon  of  osmosis  has  been  generally  treated  of  as 
due  to  pressure  and  the  dissolved  substance  to  exercise  a  pressure 
equal  to  that  which  it  would  have  if  turned  into  a  gas  at  the 
same  temperature  and  volume.  The  writer  (in  the  Elec.  lieview^ 
London,  Nov.  27,  1891)  pointed  out,  as  above,  that  the  results 
were  better  explained  by  supposing  that  the  solvent  took  up  the 
cohesion  of  the  solute,  and  that  this  got  rid  of  the  great  difficulty 
of  the  disassociation  theory,  /.^.,  that  solution  was  generally  ac- 
companied by  heating.  Recently  this  theor}^  has  been  put  for- 
ward by  other  well-known  physicists.  Prof.  Poynting  {Phil. 
Mag.^  Oct.,  1896)  has  treated  the  subject  mathematically,  and 
whilst  the  mathematical  reasoning  cannot  be  considered  eonclu- 
eive,  as  Prof.  Poynting  himself  states,  yet,  as  he  puts  it,  it  shows 
"that  itis  not  necessary  to  ascribe  osmotic  pressure  to  disassociation, 
but  rather  to  association,  or  some  kind  of  combination  of  salt 
and  solvent."  I  have  ventured  therefore,  in  view  of  this  fact, 
to  do  what  I  would  not  have  done  otherwise,  i,  e.  to  substitute 
my  own  conception  of  a  suction  for  that  of  a  pressure,  otherwise 
making:  no  change. 

In  this  way  by  measuring  the  osmotic  suction  we  can  tell 
whether  a  salt  is  disassociated  or  not ;  and  it  is  found  that  only 
those  salts  which  are  disassociated  can  conduct  electricity.  The 
molecules  split  up  generally  into  two  parts,  one  charged  with 
positive,  the  other  with  negative  electricity.  These  charged 
parts  or  ions  when  placed  in  an  electro-static  Held,  move  with  a 
velocity  proportional  to  the  slope  of  porontial  and  to  the  specific 
ability  of  each  ion  to  move  among  the  crowd  of  molecules  of  the 
solvent.  Consequently  the  faster  an  ion  can  get  along  through 
the  crowd  of  other  molecules,  i,  e,  the  faster  it  can  diffuse,  the 
faster  will  the  electricity  be  carried,  and  the  greater  the  amount 
carried  per  second  for  a  given  slope  of  potential;  also  the  greater 
the  quantity  of  electricity  carried  per  ion  the  greater  the  current. 
The  total  quantity  carried  will  be  the  sum  of  that  carried  by  each 
ion,  so  that  by  adding  the  velocities  of  the  ions  we  get  the  total 
velocity  with  which  the  electricity  is  moving. 

The  conductivity  of  a  solution  is  thns  dependent  upon  the 
following : 
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1.  How  powerful  the  attraction  of  the  molecules  of  the  solvent 
is  for  the  ions  of  the  solute,  for  on  this  depends  how  much  of  the 
solute  is  disassociated,  /.  e,^  how  many  ions  are  set  free  to  carry 
the  current. 

2.  How  fast  the  ions  move. 

3.  What  the  valency  of  the  ions  is. 

In  designing  insulations,  the  first  is  the  important  point.  For 
from  it  we  see  that  two  good  insulators  mixed  do  not  necessarily 
make  a  good  insulator.  A  solid  may  dissolve  in  one  substance 
and  be  an  insulator  in  solution,  but  in  another  solvent  mav  con- 
duct  quite  well. 

This  is  what  makes  the  chief  difference  between  fluid  insula- 
tors, for  practically  all  the  fluids  which  are  not  simple  elements,, 
like  mercury,  have  very  high  ohmic  resistance,  and  all  have  prac- 
tically about  the  same  dielectric  strength.  The  ohmic  resistance 
of  pure  water  is,  according  to  Kohhausch  and  Heydw^eiller, 
about  one  meghom  per  cubic  centimetre,  consequently  on  account 
of  its  non-inflammability  and  great  specific  heat,  its  great  heat  of 
vaporization  and  low  boiling  point,  it  would  be  a  very  valuable 
insulator  for  some  types  of  apparatus  were  it  not  for  the  fact  that 
it  dissolves  almost  everything  in  slight  proportions  and  splits 
them  up  into  ions.  Varnished  paper  will  dissolve  in  some  high 
resistance  oils,  forming  a  conducting  solution. 

C.  Comhictivity  in  Gases, — There  is  much  evidence  to  show 
that  conduction  in  gases  is  electrolytic,  more  especially  J.  J. 
Thomson's  beautiful  work  on  this  subject.  Also  the  fact  that 
in  air  or  CO2  carbon  is  deposited  on  the  negative  pole,  sometimes 
to  the  thickness  of  more  than  an  inch  in  enclosed  arc  lamps,  ac- 
cording to  Marks,  while  in  hydrogen  or  hydro-carbons  in  many 
instances  the  carbon  is  deposited  on  the  positive  carbon,  would 
seem  to  favor  this  view.  Also  in  its  favor  is  Prof.  Elihu  Thom- 
son's observation  of  the  formation  of  copper  *'  trees"  in  incandes- 
cent lamps  with  coppered  filament  joints.  Against  this  is  Schuster's 
observation  that  the  metallic  lines  in  the  spectrum  have  a  fairly 
high  velocity,  and  also  the  general  appearances  of  the  arc,  which 
looks  as  if  something  were  going  in  one  direction  down  its  centre 
and  something  else  back  on  the  outride.  Also  there  is  one  other 
phenomenon  which  looks  as  if  it  were  con vective.  This  is  the  fact 
that  if  we  take  a  solid  carbon  and  bring  it  nearer  to  a  similar  carbon 
while  the  current  is  passing,  the  resistance  first  decreases  and  then 
increases.     This  was  I  believe  first  pointed  out  by  Mrs.  Ayrton 
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in  lier  admirable  paper  on  the  subject.  The  reason  of  it  has  not 
I  believe  been  given;  it  seems  to  be  due  to  a  necessity  for 
circulation  in  the  arc.  If  we  have  two  carbons  as  in  Fig.  4,  at  1, 
the  centre  part  of  the  current  seems  to  flow  all  right,  but  the 
part  B  cannot  flow  unless  the  -\-  carbon  is  very  hot,  and  this  is  only 
cured  by  either  increasing  the  current  so  as  to  heat  the  whole  car- 
bon up  or  by  reducing  the  cross-section,  as  at  2  in  Fig.  4.  Whether 
a  carbon  is  cored  or  not  has  nothing  to  do  with  this  increase  of 
resistance  on  the  distance  being  shortened,  as  all  that  coring  does 
is  to  diminish  the  cross-section  of  the  carbon,  and  I  have  repeated- 
ly found  by  actual  test  that  the  difficulty  is  entirely  obviated  by 
using  carbons  of  X  or  —  cross-section,  provided  the  greatest 
thickness  at  any  point  of  the  cross-section  is  less  than  that  of  the 
cored.  The  phenomenon  is  evidently  analogous  to  the  jumping 
back  of  the  discharge  in  a  Geissler  tube  when  the  electrodes  are 
brought  too  close  together.     The  theory   of  this  was  given  by 


V? 


Fio.  4.  Fio.  5.  Fig.  6. 

« 

J.  J.  Thomson,  and  it  was  by  applying  this  that  I  got  over  the 
difficulty  with  the  carbons.  A  true  arc  can  be  run  from  a  much 
lower  voltage  in  open  air  than  is  generally  supposed  when  the 
section  of  the  carbon  at  any  point  is  not  more  than  j^  cm.  thick. 
On  the  whole,  the  evidence  seems  to  be  in  favor  of  the  belief  that 
both  convective  and  electrolytic  discharges  tak6  place  in  air. 
The  whole  subject  is  very  fully  treated  in  J.  J.  Thomson's 
"  Recent  Researches  in  Electricity  and  Magnetism."  There  can 
be,  in  my  opinion,  very  little  doubt  but  that  when  a  true  electro- 
lytic discharge  takes  place,  as  it  does  in  a  hot  flame,  the  conduc- 
tivity is  proportional  to  the  velocity  of  sound  in  the  gas,  though 
so  far  I  am  not  aware  that  any  experiments  have  been  made  on 
the  subject.  It  is  possible  that  in  certain  cases  the  elasticity  it- 
self may  be  a  function  of  the  slope  in  the  electrostatic  field.  As 
the  vacuum  increases  up  to  a  certain  point,  the  dielectric  strength 
decreases,  and  this  point  depends  somewhat  on  the  electrodf  s  and 
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voltages,  and  has  led  to  the  amusing  result,  that  on  the  average 
every  two  years  the  discovery  is  announced  that  a  vacuum  is  a 
good  conductor.  Above  this,  the  discharge  appears  to  get  more 
and  more  convective,  and  a  fact  may  be  stated  which  I  have  not 
seen  mentioned,  i.  e.^  that  the  largest  quantity  of  X-rays  is  not  got 
from  a  tube  unless  the  path  of  the  positive  particles  back  to  the 
cathode  is  blocked  up  as  much  as  possible.  An  experimental  tube 
made  by  Mr.  Meadowcrof  t  for  the  writer  last  spring,  in  which  there 
is  a  small  tube  running  from  the  back  of  the  anode  to  the  back  of 
the  cathode  which  can  be  blocked  up  by  tilting  it,  shows  this 
very  nicely. 

As  regards  the  electrolytic  discharge,  this  can  only  take  place 
when  the  gas  is  disassociated  by  heat  or  by  a  strong  slope  of  po- 
tential. To  the  convective  discharge  the  same  remarks  apply  as 
to  the  convective  discharge  in  gases.  At  ordinary  pressures  the 
only  gases  which  allow  a  discharge  to  pass  easily  are  helium, 
argon  and  possibly  that  unknown  gas  whose  spectrum  we  see  in 
the  light  of  the  Aurora  Borealis.  Helium,  as  shown  by  liamsey, 
behaves  at  ordinary  pressure  much  as  air  at  low  pressure,  and  a 
spark  will  jump  through  it  for  about  thiity  times  the  distance  it 
will  through  air  at  the  same  pressure,  when  the  pressure  of  both 
approximates  that  of  the  atmosphere. 

Having  got  rid  of  the  theory  which  was  necessary  in  order  to 
give  opportunity  to  condense  later,  and  which  has  led  me  to  won- 
der if  it  were  ever  possible  to  find  the  pleasing  mean  between 
the  conciseness  of  the  Carpenter  and  the  discursiveness  of  the 
Walrus,  we  shall  take  up  the  practical  part  of  the  subject. 

High  Resistance  Insulation. 

In  laboratory  apparatus  in  many  cases,  for  instance  with  elec- 
trometers and  resistance  boxes,  we  need  as  high  ohmic  resistance 
as  it  is  possible  to  get.  Here  however  we  are  met  by  the  fact 
that  the  two  substances  most  commonly  used,  /.  e,  hard  rubber 
and  glass,  are  among  the  poorest  insulators  known  for  this  class 
of  w^ork. 

Rubber  is  very  objectionable  from  the  fact  that  whilst  it  pre- 
sents a  nice  bright  appeamnce  when  new,  it  contains  sulphur  and 
ig  very  easily  oxidized,  especially  when  exposed  to  light.  A  film 
of  sulphuric  acid  is  thus  formed  on  the  surface,  and  if  the  tongue 
be  applied  to  a  piece  of  rubber  which  has  been  in  use  for  some 
time  the  taste  of  the  acid  is  very  strong.     I  have  seen  the  top  of 
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a  Wheatstone  bridge,  supposed  to  be  capable  of  measuring  accur- 
ately to  one  part  in  5000,  in  which  the  total  length  exposed  to 
leakage,  divided  by  the  average  distance  between  which  leakage 
€ould  take  place  and  the  average  voltage  was  only  .oOS,  with  the 
top  so  acid  that  the  tongue  could  hardly  be  allowed  to  touch  it. 

As  a  rule  it  is  very  hard  to  remedy  this ;  rubbing  the  surface 
does  no  good  as  the  acid  extends  in  to  some  distance.  Rubbing 
with  cigar  ashes  is  advocated  by  some,  but  I  should  fancy  it 
would  be  almost  impossible  to  remove  the  last  traces  of  alkali. 
The  method  used  by  the  writer  is  to  steep  the  rnbber.in  warm  10 
per  cent,  caustic  soda,  then  in  warm  distilled  water,  frequently 
renewed,  then  drying  in  the  dark  quickly  and  rubbing  with  pure 
paraffin,  treated  as  described  under  paraffin,  then  polished  while 
warm.  This  does  good  for  a  time,  until  the  paraffin  takes  up 
dust. 

For  rods,  a  good  way  is  to  treat  as  above  and  coat  half  an 
inch  thick  with  paraffin ;  then  run  over  the  rod  with  a  wooden 
die  and  cut  a  thread  in  the  paraffin.  Run  over  the  thread  about 
once  a  month,  and  good  results  will  be  obtained. 

With  bridges,  however,  it  is  impossible  to  remove  the  top,  and 
the  only  thing  which  can  be  done  is  to  keep  them  covered  up 
from  light. 

Rubber  has  also  one  other  disadvantage,  in  that  it  does  not 
•how  dirt,  and  where  rubber  comes  in  contact  with  copper  it  is 
apt  to  rot. 

Glass  is  verv  bad  because  the  alkali  in  it  lias  a  great  affinitv 
for  moisture.  The  alkali  is  slightly  soluble,  and  hence  it  is  the 
custom  with  analytical  chemists  to  boil  all  beakers  used  in  exact 
work  for  several  days  before  using,  so  as  to  get  the  soluble  alkali 
and  silica  out  of  them.  When  possible  this  should  be  done  with 
the  glass  of  electrical  apparatus.  Another  very  serious  trouble 
is  that  the  angle  of  contact  between  water  and  glass  is  zero,  so 
that  when  a  drop  of  water  is  placed  in  the  middle  of  a  pjine  of 
clean  glass  it  immediately  spreads  all  over  it  in  a  thin  film.  This 
method  is  used  by  chemists  to  determine  when  a  glass  is  clean. 
Nothing  much  can  be  done  with  glass  but  to  keep  it  dry.  Sul- 
phuric acid  is  generally  used,  but  it  sometimes,  if  allowed  to  get 
dust  in  it,  gives  off  vapors  which  condense  on  the  sides  of  the 
apparatus.     This,  however,  does  not  often  hapi>en. 
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Evidently  we  need  some  substance  of  high  ohmic  resistance 
and  one  which  water  will  not  wet.  Boys,  who  has  earned  the 
thanks  of  electricians  for  his  happy  discovery  of  an  almost  per- 
fectly elastic  fibre,  has  given  us  also,  as  he  himself  has  pointed 
out,  such  an  insulator  in  quartz.  Dip  a  thread  of  glass  in  water 
and  lay  it  between  the  knob  of  a  charged  electrometer  and  the 
ground,  and  the  leaves  close  almost  at  once,  the  whole  fibre  being 
covered  with  a  film  of  water.  Treat  a  quartz  fibre  similarly 
and  the  water  slides  off  it,  or  remains  in  alternate  big  and  little 
drops,  each  separate  from  its  fellow,  and  the  insulator  is  appar- 
ently as  good  as  the  air  itself. 

Quartz  should  therefore  be  used  as  much  as  possible  in  electri- 
cal instrument  work.  It  can  be  melted  in  a  powerful  gas  flame 
furnace  and  though  it  can  never  be  melted  down  free  from  small 
bubbles,  these  make  no  difference  except  in  appearance.  It  is 
however,  possible  to  obtain  glass  which  contains  no  alkali,  and  re- 
sembles quartz  in  that  it  is  not  wet  by  water.  Such  a  substance  is 
Faraday's  borate  of  lead  glass,  as  he  himself  points  out.  This  is 
however  too  brittle  for  most  work,  but  by  an  admixture  with 
silica  a  glass  could  no  doubt  be  made  which  would  be  perfectly 
satisfactory.  If  some  glass  manufacturers  would  take  up  this 
question  and  furnish  us  such  a  material  for  electrical  instruments, 
the  greater  part  of  the  present  annoyance  met  with  in  making 
delicate  experiments  would  vanish.  It  would  not  leak,  would 
show  dirt,  could  be  readily  cleaned,  and  would  be  free  from  one 
of  the  great  disadvantages  of  rubber,  i.  e.  a  large  coefticient  of 
expansion,  which  is  always  making  trouble  by  bending  terminals 
of  resistance  coils,  thus  changing  their  value  and  sometimes  open- 
ing the  circuit. 

It  is  also  probable  that  a  fine  grade  of  porcelain  would  be  a 
great  benefit  to  the  electrical  profession,  if  coated  with  a  good 
non-alkaline  glaze. 

For  insulating  the  coils  of  resistances  it  is  doubtful  if  we  have 
any  good  solid  material.  For  paraffin  cannot  be  used,  as  its  ex- 
pansion and  contraction  are  so  great  that  large  pressures  are  put 
upon  the  wire  and  the  resultant  strains  change  the  resistance.  It 
might  be  easy  enough  to  prevent  the  strain  on  the  first  solidifica- 
tion in  a  way  similar  to  that  devised  by  Rowland  for  cementing 
flat  mirrors  without  buckling  them,  i,€.^  by  mixing  a  little  glycer- 
ine with  the  beeswax ;  the  glycerine  not  dissolving  in  the  bees- 
wax makes  it  act  like   a  viscous  fluid,  i.  ^.,  deform  under  the 
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action  of  infinitesimal  forces  in  time.  The  glycerine  however 
finally  works  its  way  out  like  zinc  in  a  resistance  alloy,  (as  first 
pointed  out  by  Mr.- Weston),  and  if  a  similar  method  were  used 
with  the  coils,  it  would  still  be  subjected  to  strains  on 
change  of  temperature.  Another  objection  which  has  been 
made  in  England  is  that  parafiin  absorbs  moisture.  It  is 
possible  that  this  is  due  to  the  dissimilar  methods  of  producing 
American  and  English  paraffin  as  I  have  never  had  to  complain 
of  this,  except  of  course  when  cold  paraffin  was  placed  in  saturated 
moist  air.  The  insulation  resistance  of  paraffin  seems  however 
to  be  markedly  increased  by  the  treatment  mentioned  below. 
The  gi-eat  objection  to  paraffin  is  its  tendency  to  collect  dust. 
Shellac  has  been  recommended,  and  since  the  coils  are  in  the  dark 
the  material  will  oxidize  but  slowly,  and  if  care  be  taken  to  use 
pure  alcohol  for  a  solvent,  and  not  denaturized  spirit,  (which 
sometimes  contains  conducting  impurities)  has  a  very  high  resis- 
tance when  dry.  Some  forms  of  Japan  lac  seem  to  remain  flexi- 
ble permanently,  as  for  instance  the  sample  a  (composition  un- 
known) which  is  ten  years  old. 

Oil  is  sometimes  used  for  resistance  coils,  and  this  is  without 
doubt  the  best  metliod,  since  the  great  point  in  the  use  of  resis" 
tance  coils  is  to  know  their  temperature.  The  writer- s  experience 
with  manganin  and  constantin  as  practical  laboratory  standards 
has  been  unfortunate  and  he  has  hence  decided  to  use  only 
standards  of  pure  lead  run  into  glass  tubes  and  kept  in  water. 
The  reason  is  that,  other  things  being  equal,  the  most  sensitive 
Wheatstone  bridge  is  that  which  takes  the  greatest  current  with- 
out appreciable  heating,  and  in  the  ordinary  form  of  resistance 
coil  a  very  small  current  will  heat  the  interior  up  to  such  a  tem- 
perature as  to  alter  the  value.  Moreover,  if  the  coil  is  of  a  material 
not  affected  by  such  changes  of  temperature,  it  (with  our  present 
alloys)  will  have  a  larger  temperature  coefficient,  and  as  the  tem- 
perature of  the  interior  of  the  coil  is  not  known  this  introduces 
another,  uncertainty.  With  the  oil  mountiuir,  however,  this  is  all 
done  away  with,  and  pure  oil  has  a  very  high  resistance  for  low 
voltages. 

For  condensers  and  induction  doils  it  is  not  only  necessary  to 
have  materials  of  great  ohmic  resistance  and  of  great  dielectric 
strength,  they  must  also  be  perfectly  pure  and  free  from  admix- 
ture. For  the  first  two  properties  there  is  nothing  so  good  as 
paraffin,  when  properly  used,  all  compositions  such  as  beeswax, 
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(cerotic  acid),  etc.,  being  quite  inferior  in  both  respecte.  Paraffin, 
and  what  is  practically  the  same  thing,  pare  ozokerite,  will  stand, 
according  to  the  tests  of  Mr.  Chesney,  which  I  had  the  pleasure 
of  witnessing,  at  the  rate  of  600,000  volts  per  inch.  This  I  have  con- 
firmed up  to  60,000  volts,  alternating.  Most  substances,  such  for 
instance  as  glass,  are  at  once  cut  out  from  consideration  from  the 
fact  that  they  have  too  much  electrical  absorption,  and  heat  when 
subjected  to  a  fluctuating  voltage. 

We  must  have  an  electrically  homogeneous  dielectric,  i.  e,  one 
of  the  same  specific  inductive  capacity  all  through.  This  is  for 
two  reasons.  First,  because,  if  we  have  a  dielectric  a  between 
two  charged  conductors,  the  introduction  of  a  dielectric  of  greater 
specific  inductive  capacity,  even  if  of  infinite  dielectric  strength 
and  ohmic  resistance,  will  cause  a  to  break  down.  To  take  a 
numerical  case, — suppose  we  have  two  plates,  1  cm.  apart,  and  at- 
tached to  the  terminals  of  a  10,000  volt  a.  c.  dynamo.  (Fig,  5.) 
Suppose  the  dielectric,  air,  to  support  50  per  cent,  more  than  this 
pressure.  Introduce  two  plates  of  glass  of  k  =  8,  each  J  cm.  in 
thickness.  Since  the  voltage  divides  itself  up  inversely  to  the 
capacitance,  we  will  now  have  8,889  volts  between  c  and  d.  This 
being  at  a  rate  of  17,778  volts  per  cm.  and  as  it  only  supports 
16,000,  we  will  get  a  spark  between  c  and  d  at  every  reversal  of 
the  voltage,  which  will  quickly  heat  the  glass  and  make  it  con- 
duct. The  full  potential  of  10,000  will  then  be  between  c  and  d, 
and  a  regular  arc  will  form.  Thus  we  see  that  the  introduction  of  a 
good  insulator  will,  in  all  cases  where  an  intermittent  or  alterna- 
ting voltage  is  used,  have  the  paradoxical  effect  of  weakening  the 
insulation,  unless  the  whole  space  is  filled  up  with  the  material. 
This  weakening  is  not  generally  apparent  at  once,  as  the  spark 
takes  some  time  to  eat  its  way  back,  and  this  explains  why  many 
induction  coils  only  last  for  a  few  years  of  operation. 

Another  cause  is  that  treated  of  by  Poisson,  Clausius  and  Max- 
well.^ This  is,  that  layers  of  dielectrics  of  different  capacities  and 
resistances  show  elect  rial  absorption,  and  this  theory  has  i>een 
proven  experimentally  by  Muraoka,  who  showed  that  by  taking 
two  fluids,  neither  of  which  showed  absorption,  a  layer  of  one  on 
top  of  the  other  did  do  so.  Maxwell  treated  the  general  case. 
It  has,  however,  been  treated  in  a  more  specialized  way  by  A. 
Hess  in  La  Lumi^re  Electrique^  Nov.  20,  1892.  In  this  paper 
are  brought  out  the  following  point? : — 

1.  *•  Elec.  and  Mag.,"  vol.  1,  chapter  x. 
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1.  A  dielectric,  as  in  Fig.  6,  containing  conducting  particles  of 
water,  for  instance,  may  be  considered  as  an  arrangement  of  con- 
densers and  resistances  in  series  and  shunt  with  each  other.  Two 
cases,  shown  in  Figs.  7  and  8,  are  worked  out,  and  Fig.  9  gives 
the  curve  of  charge  in  the  cases  of  Fig.  7  ;  e  is  the  voltage  on 
the  condenser  part,  and  b'  that  on  the  condenser  and  resistance. 

2.  A  condenser  can  show  large  residual  charge,  though  its  true 
ohmic  resistance  is  infinite. 

3.  With  dielectrics  showing  absorption,  there  will  be  found  some 
discharge  time  at  which  the  amount  of  discharge  will  be  constant 
at  all  temperatures. 

4.  Why  in  some  tests  insulation  seems  to  be  lower  with  higher 
voltages. 

5.  Why  the  presence  of  conducting  particles  increases  apparent, 
capacity. 

c, 


} 
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Fig.  7. 


Fig.  8. 


6.  That  to  get  true  ohmic  resistance  of  most  dielectrics,  voltage^ 
must  be  kept  on  for  a  long  time,  even  for  days. 

7.  Why  Siemens'  method  of  taking  the  rate  of  loss  of  charge 
by  electrometer  does  not  give  correct  results. 

8.  That  specific  inductive  capacity  of  such  dielectrics  can  only 
be  determined  by  rapidly  alternating  currents.  This  possibly  ex- 
plains an  eft'ect  noticed  by  the  writer  many  years  ago,  i,  e.  that  an 
A,  0.  static  wattmeter  immersed  in  water  did  not  give  anything 
like  the  torque  it  should  have  if  the  true  value  of  k  for  water 
were  80. 

9.  The  importance  of  getting  out  the  last  traces  of  water  in 
gutta-percha  and  paper  when  used  for  cables. 

As  mentioned,  this  author  considered  a  simple  case  of  Max- 
well's general  theory  and  proved  the  above  results  by  making 
actual  measurements  on  condensers  and  resistances  connected  up 
so  as  to  correspond  to  a  simple  case  of  a  dielectric  of  high  resis- 
tance with  conducting  particles  in  it.     This  paper  should  be  read 
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by  all  electricianB,  especially  those  concerned  with  cable  work.  I 
wonld  like  to  speak  of  this  subject  more  iu  detail,  but  for  lack  of 
time  will  only  add  that  most  of  the  conclusione  in  that  paper  have 
been  confirmed  by  me,  and  that  some  which  had  been  arrived  at 
independently  were  seen  to  be  in  perfect  agreement. 

1 1  is  this  absorption  and  the  consequent  losses  which  make  glass 
useless  as  an  insulator  against  high  a.  c.  voltages.  In  some  ex- 
periments  made   by  Messrs.   Stanley  and  OheBnev  which  were 
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shown  me,  the  glass  plates  of  the  condenser  when  on  an  a.  c.  vol- 
tage, (though  thick  enough  to  have  stood  ten  times  the  i>.  c. 
voltage)  after  a  few  moments  got  hot,  sparks  could  be  seen  pass- 
ing inside  the  glass,  and  the  plates  tinallj  broke  down.  Gilass  is 
not  homogeneous,  as  it  is  made  up  of  a  number  of  sulntances,  some 
-  much  better  conductors  than  others,  and  of  different  capacities 
and  all  stirred  together  but  not  dissolved.     This  is  shown  by  the 
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care  which  has  to  be  used  in  getting  glass  liomogeneous  enough 
for  optical  purposes,  if  even  having,  as  has  been  told  me  by  Mr. 
Brashear,  to  be  kept  perfectly  horizontal  when  annealing,  as  the 
heavier  parts  tend  so  much  to  sink  down  to  the  bottom,  even 
when  the  glass  is  only  plastic,  that  the  only  way  to  do  is  to  keep 
the  levels  of  different  density  parallel  to  the  surface  of  the  disk 
so  that  their  effect  on  the  light  will  be  as  equal  as  possible  for  all 
rays.  Otherwise  one  side  of  the  lens  would  be  of  heavy  glass  and 
the  other  light,  while  at  present  it  is  so  arranged  that  one  face  is 
dense  and  the  other  light.  Mica  is  much  less  objectionable,  es- 
pecially if  its  cracks  are  filled  up  and  it  is  well  dried.  ParaflSn 
when  properly  treated  makes  very  good  condensers.  The  old 
method  of  piling  together  pieces  of  paraffin  paper  and  tin  foil  and 
then  pressing  them,  left  much  air  and  moisture  inside.  This  pro- 
duced large  electrical  absorption  and  gave  large  capacity.  Messrs. 
Hutin  and  La  Blanche  were  the  first  to  discover  that  good  con- 
densers could  be  made  by  heating  such  condensers  till  the  mois- 
ture and  air  were  expelled.  Their  results^  showed  that  the 
specific  inductive  capacity  of  this  more  homogeneous  dielectric 
could  be  reduced  from  8  to  2.6.  I  have  myself  found  it  come 
down  as  low  as  2.  They  then  found  that  the  same  results 
could  be  obtained  by  heating  the  paper  before  making  up 
the  condenser.  Since  then,  this  method  of  forming  condensers 
by  heating  them  to  expel  moisture,  air  and  acid  has  been  used 
quite  generally,  with  some  modifications  and  improvements  re- 
sulting in  a  shortening  of  the  process. 

It  may  be  said  as  a  general  rule  that  the  capacity  of  all  sub- 
stances showing  absorption  may  be  reduced  by  this  treatment,  if 
the  heating  be  kept  up  long  enough.  A  great  many  oils,  for 
instance,  are  given  high  capacities,  but  I  have  found  that  in  many 
cases  this  can  be  greatly  reduced  by  this  method,  and  that  the 
slight  remaining  excess  of  k  over  that  called  for  by  Maxwell's 
theory  can  be  almost  entirely  removed  by  removing  the  free  fatty 
acids,  mucins,  etc.  Oils  tested  by  me  were  olive,  castor,  linseed 
and  cottonseed.  All  these  have  very  high  insulation  resistance 
and  low  specific  capacity  when  so  treated  and  purified  but  they 
soon  lose  this  again  when  exposed  to  air.  It  is  evident,  therefore, 
that  the  anomalous  results  obtained  by  Hopkinson  and  others 

1.  La  Lumure  Elec;  July  25,  1891. 
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were  due,  in  some  cases  at  least,  to  impure  material,  and  such  re- 
sults must  be  considered  as  forming  a  strong  proof  of  the  correct- 
ness of  Maxwell's  theory.^ 

But  when  the  substances  are  not  themselves  solid,  but  viscous, 
they  must  have  a  meclianical  backing.  For  this  pure  cellulose 
is  generally  used.  Pure  cellulose  contains  some  loosely  combined 
moisture.  Consequently  it  can  exist  in  two  states.  Dried  below 
100°  C.  it  decreases  its  specific  inductive  capacity  very  much,  and 
has  very  high  resistance  and  is  flexible.  Kept  above  100°  C.  for 
any  length  of  time  it  loses  some  of  its  combined  water,  has  a 
much  higher  ohmic  resistance  and  its  specinc  inductive  capacity 
sinks  to  1.9  or  2.  It  however  becomes  very  brittle,  and  even 
though  the  temperature  be  only  a  few  degrees  above  100  C.  it 
Anally  cannot  be  bent  without  breaking.^  (This  brittleness  must 
be  carefully  distinguished  from  the  so-called  rottenness  which 
cotton  fabrics  get  when  dipped  in  linseed  oil  and  dried.  The 
fact  that  cotton  tears  easily  in  such  a  condition  is  due  to  the  same 
cause  as  makes  a  wire  mosquito  netting  tear  when  painted,  i.  e. 
the  fibres  are  stuck  fast  by  the  varnish  and  cannot  help  one 
another.  This  can  be  proven  by  removing  the  dried  oil  when 
the  fibre  will  be  found  to  have  nearly  its  original  strength.)  In 
this  condition  it  is  best  suited  for  making  condensers.  The 
paraffin  itself  is  greatly  improved,  as  was  pointed  out  by  Hutin 
and  Lablanc,  by  heating  to  about  140  C.  Three  hours  heating  I 
have  found  satisfactory.  The  dried  paper,  immediately  on  removal 
from  the  oven,  is  plunged  into  the  hot  paraffin,  so  as  to  protect  it 
from  absorbing  moisture.  The  condenser  is  then  made  up  and 
boiled  for  several  hours,  so  as  to  remove  the  air.  This  boiHng 
method  was  described  in  a  recent  patent  as  a  novelty,  but  it  was 
used  by  Mr.  Chesney  at  Pittsfield  in  1891. 

A  condenser  so  made,  if  perfectly  pure  cellulose  is  used  (per- 
fectly pure  paper  is  used  in  practice),  and  with  pure  paraffin,  will 
stand  250  volts  per  thousandth  of  an  inch  when  the  dielectric  is 

1.  A  rule  eonnecting  this  effect  with  the  sign  of  the  Kerr's  electrostatic  opti- 
cal effect  has  been  given  by  the  writer. — Elee,  World,  Jan.  2,  18D7. 

2.  It  is  for  this  reason  that  electric  apparatus* should  never  run  above  212"  F. 
As  engine  rooms  sometimes  reach  130^  P.,  this  means  a  limit  of  82"^  F.  or  45°  C. 
above  the  air.  But  when  this  is  taken  with  thermometer,  the  rise  indicated  by 
the  thermometer  should  be  much  less.  With  the  introduction  of  high  speed 
rotary  engines  we  may  expect  to  see  much  higher  field  strengths,  hotter  arma- 
tures and  different  insulation,  say  armatures  with  copper  bars  enamelled  in  the 
iron  sheets. 
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less  than  .01  inch,  and  at  a  higher  rate  for  greater  thicknesses, 
when  the  effect  of  small  defects  in  one  sheet  of  paper  is  not  so 
serious. 

Practically  the  same  remarks  apply  to  the  making  of  induction 
coils.  Here,  however,  we  meet  with  the  great  diflSculty  that  the 
paraffin  in  cooling  is  sure  to  shrink,  and  will  leave  hollows  inside. 
The  way  to  get  over  this  is  to  construct  the  coil  so  that  when 
cooling  the  shrinkage  will  take  place  outside,  just  as  if  one  were 
making  a  casting  of  some  metal  having  great  contraction.  The 
coefficient  of  adhesion  also  should  be  less  between  the  walls  of  the 
mould  and  paraffin,  than  between  the  wire  and  paraffin  ;  also  the 
outside  should  never  be  let  harden  first,  as  then,  of  course,  a  hollow 
space  is  left  inside.  Another  precaution  is  to  expel  all  gases  by  heat- 
ing the  paraffin  for  some  time  above  the  temperature  at  which  the 
coils  are  to  be  boiled.  The  coils  should  be  boiled  above  100°  C. 
for  some  hours  to  drive  off  the  loosely  combined  water.  This 
destroys  the  mechanical  strength  of  the  cellulose,  but  as  the  whole 
coil  forms  a  solid  mass  this  is  of  no  great  consequence. 

Silk  should  never  be  used  where  high  insulation  is  required,  as 
pure  cellulose  dry  and  boiled  in  paraffin  is  so  much  superior  to 
it  that  there  is  no  comparison.  With  pure  cellulose,  coils  with 
only  1700  feet  of  wire  per  inch  of  spark  stand  perfectly,  i,  e,  the 
spark  may  be  five  times  longer  than  the  coil.  In  ordinary  use, 
coils  having  a  spark  length  3^  times  that  of  the  coil  have  been 
run  for  long  periods  with  no  break-downs. 

As  regards  oil  insulation  for  ordinary  induction  coils,  the  writer 

has  not  had  sufficient  practical  experience.     I  believe,  however, 

that  very  good  results  are  obtained.   With  regard  to  the  Thomson 

high-frequency  coil,^  there  is  no  question  of  the  efficacy  of  oil 

there,  especially  with  regard  to  ease  of  repair.    As  is  well  known, 

however,  the  oil  and  coil  should  always  be  heated  above  110°  C. 

for  some  time  if  the  best  results  are  to  be  obtained.     A  very 

curious  increase  of  insulating  power  for  high  frequencies  in  oil 

has  been  noted  by  Elihu   Thomson,  who  has  suggested  that  it 

might  be  due  to  inertia  of  the  molecules  of  oil.  To  test  this,  one 
of  the  writer's  students,  Mr.  Bennet,  constructed  a  two-phase 

high-frequency  electrostatic  field.     Though  insulators  placed  in 

this  rotated  even  when  placed  within  a  ^  inch  glass  flask,  the 

1.  Popularly  known  as  the  Tesla  coil,  on  account  of  his  havins:  brought  it 
into  prominence  through  his  use  of  it  in  his  lectures  ;  though  it  was  inTented 
and  first  described  by  Elihu  Thomson. 


14<5     FESSRNDBIf  ON  INSULATION  AND  CONDUCTION.   [Mar.  38. 

effect  was  foand  to  be  due  to  air  currents,  and  when  these  were 
eliminated  no  movement  was  obtained,  so  that  the  cause  of  this 
effect  is  still  unknown,  and  it  is  doubtful  if  true  dielectric  hyster- 
esis  has  ever  been  observed.* 

So  far  as  Mr.  Ghattock's  experiments  and  the  experience  of 
the  writer  go,  there  is  not  a  great  deal  of  difference  between  the 
dielectric  strength  of  different  substances.  It  is  probably  related 
to  the  tensile  strength.  As  mentioned  previously,  the  writer'^ 
pointed  out  that  there  was  strong  evidence  to  show  that  the  tensile 
strength  of  a  substance  was  due  to  the  mutual  attraction  of  charges 
on  the  atoms  and  that  the  observed  values  agreed  well  with  tlie 
calculated  and  followed  the  same  law.  Some  time  later  Chattock^ 
in  a  very  interesting  and  able  paper  showed  that,  as  the  results  of 
his  experiments,  the  dielectric  broke  down  when  the  slope  of  po- 
tential was  great  enough  to  pull  apart  atoms  having  charges  of 
the  same  dimensions  as  the  ionic  charges.  This  was  shown  for 
gases,  dulds  and  solids,  and  forms  a  very  interesting — and,  I  be- 
lieve, independent — corroboration  of  the  writer's  electrostatic 
theory  of  cohesion.  Consequently,  the  nearer  the  atoms  are  to- 
gether and  the  greater  their  rigidity,  the  greater  also  their  di- 
electric strength. 

Chattock's  experiments  give  for  solids  and  fluids — 

SUBSTANCE  'T.IIZ   noWv 

FOa  BREAKING   DOWN. 

Glass 919.000 

Water 1 .050.000 

Oil 980.000 

which  agrees  well  with  the  theory. 

From  the  above  it  will  be  seen  that  if  the  materials  are  pure, 
and  ohmic  resistance  is  of  not  much  importance,  a  compound 
having  its  molecules  held  together  tightly  will  have  a  good 
dielectric  strength  for  d.  c.  voltages. 

This  paper  is  already  so  long  that  I  cannot  touch  in  detail  on  the 
question  of  cables.  There  are  also  other  papers  in  existence 
written  by  men  better  equipped  for  the  task.  I  had  intended 
saying  something  about  what  Siemens  has  called   the   *^  absurd 

1.  Righi  some  time  ago  published  a  paper  in  which  he  claimed  to  have  ob- 
served dielectric  hysteresis,  and  gave  a  law  for  its  amount  Since  Mr.  Bennet 
made  his  experiments,  however,  Righi  has  retracted  his  statements,  having 
found  the  effect  due  to  other  causes. 

2.  Elec.  WorUt,  Aug.  8  and  22,  1891. 

3.  Phi!.  Mag.,  Dec,  1892. 
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craze  for  high  insalation  resistance,"  but  the  fact  is  now  gener- 
ally recognized,  except  by  inexperienced  engineers,  that  the  best 
cables  are  those  of  medium  ohmic  resistance.  I  will  only  men- 
tion two  methods  which  have  occurred  to  me  as  feasible  for  cer- 
tain purposes.  One  is  based  on  the  fact  that  the  dielectric 
strength  of  air,  as  shown  by  the  experiments  of  J.  J.  Thomson 
and  Peace  increases  very  rapidly  with  the  pressure  at  90  lbs.  per  sq. 
inch  being  equal  to  that  of  a  good  quality  of  rubber.  A  similar 
plan,  though  not  requiring  any  very  large  pressure,  is  due  to  Mr. 
Westinghouse,  who  thought  of  employing  it  four  or  five  years 
ago  in  Philadelphia.  The  second  occurred  to  the  writer  on  read- 
ing Elihu  Thomson's  article  on  the  use  of  liquid  air  as  an  insula- 
tor. It  is  this :  Since  ice  at  only  12  below  freezing  has  a  specific 
resistance  of  over  1000  meghoras,  i.  e.  as  good  as  some  brands  of 
insulation,  why  not  make  the  conductors  hollow,  lay  them  in  a 
trench  tilled  with  water,  pass  cold  brine  through  the  pipes,  use 
the  brine  for  cooling  houses,  making  ice  etc.,  and  let  the  frozen 
water  act  as  the  insulator.  A  rough  calculation  shows  that  this 
is  commercially  feasible,  even  neglecting  all  sources  of  profit 
from  the  furnishing  of  the  brine,  {i.  e.  if  it  were  used  only  for 
cooling  the  pipes.)  After  making  all  allowance  for  friction  of 
fluid,  cost  of  power,  etc ,  the  balance  comes  at  the  right  end,  if 
the  line  is  always  fully  loaded. 

The  question  is  sometimes  raised,  whether  we  can  ever  hope  to 
have  a  non-infiammable  substance  which  shall  be  elastic  like 
india  rubber.  The  probable  cause  of  the  elasticity  of  rubber  is 
known,  ^  and  it  would  seem  as  if  there  was  no  reason  why  such  a 
substance  should  not  be  prepared.  All  we  have  to  do  is  to  co- 
agulate one  substance  in  the  midst  of  another.  In  fact  we  have 
at  present  in  tetrametaphosphate  of  sodium  such  a  substance, 
elastic  as  rubber,  transparent  and  tough,  and  when  pure  a  good 
insulator.  It  would  be  an  admirable  material  if  it  were  not  for 
the  fact  that  the  elasticity  is  due  to  water,  and  when  this  dries 
out  it  becomes  brittle. 

As  regards  an  organic  artificial  rubber,  I  have  very  little  doubt 
but  that  it  will  be  made  as  soon  as  it  is  understood  by  chemists 
that  its  properties  are  due  to  structural  and  not  chemical  causes. 

Armature  windings. — The  present  methods  of  using  mica 
leave  little  to  be  desired.  The  writer  might  mention,  however, 
one  novel  method  he  used  in  a  case  where  very  heavy  currents 

1.  Molecular  Physics,  Pranklin  Inst.,  Sept.  18, 1896. 
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were  to  be  carried.  Asbestos  and  silicate  of  soda,  as  is  well 
known,  formagood  coating,  wbichis  bowever,  poormecbanically. 
The  armature  bars  were  wrapped  with  asbestos  string  and  then 
coated  with  the  silicate.  This  made  when  dry  an  extremely  lirm 
covering  which  could  only  be  removed  with  a  hammer. 
Though  at  first  a  bank  of  100  lamps  could  be  lit  up  through 
the  insulation,  after  a  little  running  it  dried  out  to  quite 
a  high  figure  and  the  machine  did  good  survice,  at  one  time  run- 
ning several  hours  as  I  am  informed  on  good  authority,  under 
such  an  overload  that  the  carbon  brushes  were  red  hot. 

In  cases  where  cloth  is  to  be  treated  we  have  a  very  different 
question.  There  are  two  ways  of  using  cloth,  Ist,  as  a  backing 
merely,  by  coating  it  on  the  surface  with  some  substance  which 
is  supported  by  it,  as  plaster  on  lathing.  Many  substances  work 
well  in  this  situation  but  the  fact  that  little  tubes  of  cellulose  are 
very  apt  to  stick  up  through  the  coating,  as  was  pointed  out  to 
me  by  Mr.  I'.  R.  Upton  many  years  ago,  and  that  if  moisture  gets 
in  at  the  edge  it  spreads  all  over,  renders  it  not  the  best  kind  of 
insulation.  Rubber  is  sometimes  applied  in  this  way  to  cotton 
tape,  but  though  of  very  high  resistance  and  insulation  at  first  it 
rapidly  deteriorates.  In  general  it  should  be  said,  that  where  a 
permanent  result  is  dt'sired  rubber  should  never  be  used  unless 
kept  in  the  dark  and  out  of  contact  with  air.  If  these  precautions 
be  neglected  the  life  is  very  short.  The  other  method  is  to 
saturate  the  whole  cloth  with  some  substance  which  will  penetrate 
every  crevice,  but  when  this  impregnating  substance  has  solidified 
it  must  continue  to  fill  these  crevices  and  capillary  tubes  For 
this  reason  no  substance  which  is  dissolved  in  anything  else  can 
be  used.  If  for  instance  we  try  a  varnish  dissolved  in  alcohol, 
it  will  be  found  that  the  strength  of  the  solution  in  the  capillary 
tubes  is  much  smaller  than  outside,  for  the  same  reason  that  sea 
water  filtered  through  sand  becomes  fresh. ^  Consequently  on 
drying  these  capillary  spaces  are  not  filled  up  and  let  water  in. 
Therefore  unless  we  adopt  the  first  method  and  plaster  the 
insulator  on  thickly  and  deep  enough  so  that  it  does  not  matter 
whether  the  support  insulates  or  not,  we  must  use  melted  solids 
or  drying  oils.  Unfortunately  but  few  solids  which  melt  are 
eldstiCy  since  this  elasticity  is  obtained  by  a  structure  which  is 
destroyed  by  melting, and  those  solids  which  melt  into  thin  liquids 
and  remAm  flexible  when  solid  do  not  preserve  this  property  ex- 

1.  J.  J.  Thomson,  "'App.  on  Dyn.  to  Phys.  anil  Chem,."  p.  190. 
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cept  within  narrow  limits  of  temperature,  as  can  be  easily 
tested  by  holding  under  a  cold  water  tap  and  striking  the 
specimen  sharply.  Soft  paraffin  can  be  used  in  some  cases 
if  the  cellulose  be  well  dried  and  thoroughly  saturated.  The 
asphalts  cannot  as  a  rule  be  used,  as  they  never  get  sufficiently 
fluid  on  melting.  There  Ip,  however,  one  notable  exception : 
uintaite  or,  as  it  is  commercially  called,  gilsonite.  This  substance 
I  found  many  years  ago  had  the  peculiar  property  that,  when 
melted,  like  paraffin  or  oil,  it  would  pass  into  the  pores  of  cellulose 
or  cloth.  Having  a  very  high  melting  point,  nearly  300**  if  I  re- 
member, and  mixing  perfectly  with  paraffin  in  all  proportions,  it 
gives  mixtures  which  are  admirably  adapted  for  induction  coil 
work  as  these  compounds  can  be  made  to  have  high  melting 
points  and  to  penetrate  a  coil  thoroughly.  I  also  some  years 
later,  in  1891,  used  this  material  in  combination  with  linseed  oil 
for  transformers,  the  process  at  first  proposed  being  boiling  in 
vacuum,  but  it  was  found  that  even  without  this  saturation  was 
complete.  I  understand  that  this  method  is  still  used,  though 
modified  in  form,  by  the  company  for  which  I  first  devised  it. 
Of  the  drying  oils,  with  the  exception  of  some  foreign  oils  as 
Chinese  wood  oil,  and  an  African  oil  whose  name  I  cannot  rec- 
ollect or  ascertain,  linseed  and  the  drying  nut  oils  are  the  best. 
Linseed  oil  has  the  remarkable  property  of  expanding  on  drying. 
This  enables  it  to  fill  up  all  pores.  Its  durability  is  evinced  by 
the  good  condition  of  old  oil  paintings.  The  varnishes  crack  and 
go,  but  the  oil  remains.  Its  insulation  is  not  injured  up  to  very 
high  temperatures  at  which  shellac,  rubber,  etc.,  would  be  worth- 
lefs.  This  material  was  used  a  great  deal  by  the  Edison  com- 
pany in  its  early  days,  but  it  often  broke  down.  The  trouble  was 
traced  to  the  lead  drier,  and  after  many  experiments  Mr.  Mar- 
shall who  had  charge  of  this  work  finally  settled  upon  the  use 
of  pure  raw  oil.  This  gave  excellent  results  and  was  long  used 
but  took  some  time  to  dry,  and  the  writer  finally,  after  many  tc-ts 
found  that  borate  of  manganese  drier  got  rid  of  the  trouble,  while 
as  is  well  known,  it  gives  a  very  quick  drying  varnish.  This  was 
used  by  the  United  States  company  in  Newark  on  their  machines, 
with  the  result  that  in  1890  after  use  for  a  year,  the  foreman  re- 
ported only  two  armatures  so  treated  as  returned  for  repair,  (they 
were  injured  by  lightning)  and  no  fields.  This  material  was  also 
used  by  the  Stanley  company  for  transformers.  Another  advantage 
of  this  borated  oil  is  that  it  always  retains  a  slight  stickiness,  and 
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80  gives  a  good  joint  when  wrapping  around  wires,  etc.  Many 
subfitanceB  so  used  are  not  stickj  and  let  moisture  in  through  the 
joints.  Where  a  smooth  surface  is  required,  it  is  readily  obtained 
bj  dusting  on  a  little  talc,  a  method  first  suggested,  I  believe,  by 
Mr.  Edison.  It  can  also  be  given  a  coat  of  Japan  on  the 
outside.  Yamish  gums  should  never  be  used  with  linseed 
oil,  as  they  are  brittle,  and  the  dried  oil  is  only  just  flexible 
enough.  Consequently  when  the  oil  has  dried  the  resultant 
varnish  is  always  very  brittle.  A  temporary  elasticity  is  given  at 
first  by  the  fact  that  when  the  solvent  has  dried  off  the  oil  is 
still  fluid  and  undried,  and  as  the  varnish  gum  keeps  the  air  from 
getting  at  it  rapidly,  it  sometimes  remains  flexible  for  a  year. 
Such  mixtures  also  crack  when  cold. 

Sample  <?  is  a  specimen  of  borated  oil  saturated  cloth,  which  is 
now  between  eight  and  nine  years  old.  It  will  be  noted  that  it 
is  still  fresh  and  flexible,  and  a  recent  dielectric  strength  test 
showed  up  very  high,  15,000  volts  if  I  recollect.  The  pure  raw  oil 
is  boiled  at  about  200^  with  i  per  cent,  of  borate  of  manganese 
for  several  hours  till  it  begins  to  be  thick. 

Non-inflammmable  materials  can  be  made,  as  I  have  pointed 
out  elsewhere,  by  taking  out  the  hydrogen  atoms  of  hydrocarbons 
and  substituting  chlorine.  Even  paraffin  can  be  thus  treated  if 
kept  warm,  and  flrst  turns  to  a  fluid  and  then  to  a  solid.  At  one 
time  it  seemed  as  if  this  process  might  be  valuable,  but  the  use  of 
enclosed  conduits  has  done  away  with  the  greatest  source  of  dan- 
ger from  fire. 

I  will  conclude  by  describing  a  couple  of  devices  which  I  have 
found  useful  in  preventing  insulation  from  being  spoiled.  Sol- 
dering acid,  as  commonly  used,  is  a  solution  of  chloride  of  zinc. 
If  this  falls  on  cellulose  it  turns  it  to  a  paste.  It  never  evapo- 
rates and  always  takes  up  moisture  from  the  air,  and  will 
gradually  eat  its  way  through  quite  a  thickness  of  insulation. 
Whether  it  is  acid  or  neutral  makes  no  difference  so  far  as  its 
action  on  the  insulation  is  concerned,  though  the  neutral  solution 
does  not  corrode  the  wire.  Rosin  has  the  disadvantage  that  it  is 
not  a  fiuid  and  is  clumsy  to  handle.  I  have  found  that  by  shak- 
ing up  powdered  rosin  in  very  strong  ammonia,  an  ammonia  soap 
is  produced  which  works  well  in  most  cases.  The  ammonia  dis- 
solves the  copper  oxide  and  evaporates  afterwards,  leaving  the 
powdered  rosin,  which  is  an  insulator. 

Apparatus  can  be  protected  from  overheating  by  putting  in 
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the  apparatus  a  Bmall  glass  tube  filled  with  carnaaba  wax.  This 
melts  near  the  danger  point,  but  remains  quite  hard  up  till  then, 
so  that  by  imbedding  a  spring  and  contact  in  the  wax,  when  the 
apparatus  gets  too  warm  the  wax  gives,  and  the  spring  expanding 
causes  a  short  circuit  which  blows  the  fuse. 

The  largeness  of  the  subject  must  be  my  excuse  for  the 
fragmentary  nature  of  this  paper.  After  I  had  begun  it,  I 
found  I  had  made  a  mistake ;  what  I  should  have  undertaken 
was  to  write  a  book.  I  trust,  however,  that  some  of  the  points 
I  have  developed  may  prove  of  interest. 


Discussion. 

The  Pbbsident  : — I  can  only  repeat  what  I  said  before,  that 
it  is  most  unfortunate  that  the  author  was  unable  to  be  present.  It 
strikes  me  that  there  is  no  very  direct  connection  between  the 
first  part  of  the  paper,  which  is  theoretical,  and  the  last  part 
whicn  is  extremely  practical.  I  fail  to  see  anything  but  a  con- 
nection in  name  between  the  two.  But  there  are  a  number  of 
very  significant  points  in  the  theoretical  portion  and  a  number  of 
practical  ideas  in  the  second  part,  based  on  considerable  experi- 
ence. The  first  part  seems  to  be  somewhat  empirical,  a  sort  of 
a  groping,  as  it  were,  for  some  formula  which  would  give  an  in- 
dication of  the  conductivity  of  substances.  But  that  is  always 
the  way  that  science  progresses,  by  laying  down  somewhat  em- 
pirical laws  which  are  afterward  more  clearly  understood  and 
appreciated.  There  certainly  are  a  number  of  important  physical 
facts  that  are  almost  within  sight  and  many  of  them  would  ap- 
pear to  be  more  or  less  touched  by  these  formulae. 

I  believe  Prof.  Franklin  had  read  this  paper  and  considered  it 
before  the  meeting.     I  will  call  upon  him  to  discuss  it. 

Prof.  W.  S.  Fbajnklin  : — I  would  say,  Mr.  President,  that 
my  estimate  is  very  much  as  you  have  expressed  yourself  in  re- 
gard to  the  relation  between  the  first  and  second  parts  of  this 
paper.  I  am  very  much  impressed  with  the  desire  of  Professor 
Fessenden  to  arrive  at  some  theory  which  will  enable  him  to 
classify  and  systematize  our  knowledge  of  the  phenomena  of 
conduction  and  so  on,  and  a  great  deal  of  the  matter  in  the  first 

Eart  of  the  paper  is  entirely  new  to  me.  There  is  one  thing, 
owever,  wnich  I  would  like  to  say  in  connection  with  the  mo- 
lecular theory  in  its  application  to  physics  You  will  notice  that 
the  first  part  of  the  paper  is  based  wholly  upon  the  molecular 
theory,  and  what  I  wish  to  say  is  this,  that  the  most  active  part 
of  physics  at  the  present  time,  namely  physical  chemistry,  has 
practically  discarded  the  molecular  theory  altogether.  You 
never  hear  a  physical  chemist  talking  about  molecules  unless  he 
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is  findingfault  with  somebody  else  who  has  been  talking  about 
them.  TThe  only  things  that  physical  chemists  tolerate  in 
the  fundamentals  of  the  subject  are  those  which  can  be  either 
felt  or  seen  or  taken  hold  of  or  measured,  and  I  have  at  times 
thought  that  this  tendency  will  gain  the  upper  hand,  and  that  we 
will  m  time  drop  the  molecular  theory  entirely.  I  think  it  would 
be  a  very  good  thing  if  it  could  be  dropped.  Notwithstanding 
that  fact,  it  seems  to  me  that  the  author  has  shown  some  very  re- 
markable relations  between  the  mechanical  properties  of  sub- 
stances and  their  electrical  properties  by  the  help  of  the  molecu- 
lar theory. 

In  connection  with  the  matter  which  is  discussed  in  the  opening 
paragraph,  namely  the  two  distinct  properties  of  an  insulator, 
there  is  one  quite  striking  illustration  of  that  which  perhaps  may 
be  of  interest. 

Electrical  insulation,  or  the  prevention  of  electrical  motion,  is 
analogous  to  the  mechanical  operation  of  fixing  bodies  by  ropes 
and  beams  to  prevent  their  motion  ;  and,  considering  the  mater- 
ials which  are  used  as  insulators,  it  is  very  much  as  if  we  had 
onlv  molasses  or  pitch  to  make  our  ropes  and  beams  of.  If  we 
had  only  pitch  to  make  ropea  of,  there  would  be  two  very  dis- 
tinct items  of  strength.  If  you  wished  to  subject  a  pitch  rope  to 
a  given  stress  you  would  need  to  consider :  First,  at  what  rate 
the  rope  would  lengthen.  This  rate  of  lengthening  multiplied 
by  the  stretching  force  would  give  the  rate  at  which  energy 
would  be  continuously  dissipated  in  the  stretched  rope. 

Second,  whether  the  given  stress  would  be  sufficient  to  snap 
the  rope  in  two. 

We  have  thus  a  complete  mechanical  analogy  of  the  two  items 
of  strength  of  insulators.  In  one  case  the  insulator  gives  wav 
continuouslv  under  the  electrical  stress  and  in  the  other  case  it 
breaks  to  pieces. 

There  is  one  other  point  in  this  first  part,  which,  as  it  oc^iurs  to 
me,  might  well  be  mentioned,  and  that  is  the  relation  between 
the  conduction  of  sound  or  the  transmission  of  soimd  in  substances 
and  that  of  electricity.  Of  course  when  I  first  read  the  paper,  it 
struck  me  that  the  two  things  were  so  entirely  different  that  you 
could  not  conceive  of  any  relation  between  them  at  all.  Sound 
has  a  definite  velocitv,  while  wo  all  know  that  electricity  has  no 
definite  velocity  through  a  substance.  But  that  really  is  not  an 
essential  difficulty  when  you  think  about  it,  for  this  following 
reason : 

In  the  first  ])lace  the  transmission  of  sound  through  a  substance 
is  essentially  identical  to  the  action  which  we  call  stationary 
waves,  so  that  the  conception  of  velocity  of  transmission  is  not 
inseparably  connected  with  the  mechanical  movements  which  we 
call  sound.  In  the  second  place  the  enormous  rapidity  w ith 
which  an  electric  current  spreads  along  a  wire  is  known  to  depend 
upon  wave  motion  (ether  waves)  in  the  medium  surrounding  the 
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wire,  while  the  movements  at  a  point  in  a  wire  which  constitute 
the  conduction  of  the  current  at  that  point  may  be  sluggish 
movements  of  the  small  parts  of  the  wire  itself  of  a  character 
similar  to  the  motion  which  constitutes  stationary  sound  waves. 

I  am  not  able  to  say  much  concerning  the  practical  part  of  this 
paper  except  that  I  have  been  very  much  interested  in  it,  and 
that  it  seems  to  me  to  show  that  the  author  has  had  a  ^reat  deal 
of  actual  experience  in  the  matter  of  the  properties  of  insulators. 
I  may  say  however  that  I  have  had  considerable  experience  in 
the  making  of  galvanometer  coils  using  paraffin,  and  boiling  in 
vacuum,  and  this  method  seems  to  get  rid  of  moisture  so  much 
better  than  any  method  that  I  have  ever  tried  that  I  am  surprised 
to  find  that  Professor  Fessenden  has  tried  the  method  and  dis- 
carded it.  It  may  of  course  be  unnecessarily  complicated  for 
many  purposes,  but  it  seems  to  me  that  it  would  be  tne  very  best 
method  for  treating  induction  coils  and  transformers. 

The  President: — Is  there  any  further  discussion  on  this 
subject  ? 

f  ROF.  Franklin  : — It  seems  to  me  that  there  are  two  extremely 
valuable  suggestions  that  Professor  Fessenden  makes  in  this 
paper,  one  is  in  regard  to  the  possible  discovery  of  a  kind  of 
glass  which  would  be  free  from  the  insulation  defects  of  ordinary 
glass,  and  the  other  is  in  regard  to  the  great  importance  of  in 
some  waj)r  managing  it  so  that  a  man  who  wishes  to  make  a  test 
and  is  willing  to  put  a  great  deal  of  time  in  making  an  accurate 
test  can  get  pure  material  to  work  on.  I  suppose  every  one  here 
has  had  difficulty  in  that  respect.  I  myself  have  put  in  simply 
an  enormous  amount  of  time  in  testing,  for  exam  pie,  the  magnetic 
properties  of  iron,  and  of  course  as  you  all  know  it  is  almost 
impossible  to  know  what  kind  of  iron  it  is  you  are  buying.  You 
get  a  sample  of  wire  and  the  man  you  buy  it  from  does  not  know 
anything  about  it,  and  the  man  he  buys  it  from  perhaps  does  not 
know  anything  about  it,  and  if  you  could  possibly  trace  it  back 
through  two  or  three  steps  you  might  come  to  the  manufacturer 
who  could  perhaps  tell  you  a  little  about  it  but  will  not  take  the 
trouble,  as  a  rule.  But  the  getting  of  pure  materials  for  the  tests 
which  are  being  carried  out  m  great  numbers  all  over  the  country 
seems  to  me  to  be  a  thing  which  is  of  extreme  importance  and 
Professor  Fessenden's  remark  ought  to  be  taken  note  of  and 
acted  upon  in  some  way  or  other.  It  seems  strange  that  we 
should  annul  the  value  of  work  which  is  costing  the  country 
literally  thousands  of  dollars  per  day,  by  neglecting  this  funda- 
mental matter  which  would  cost  almost  nothing  at  all ! 

Dr.  Pupin  : — Mr.  President,  although  rather  late,  I  think  that  a 
few  words  should  be  added  to  this  voluminous  paper.  I  think 
that  the  first  part,  as  you  yourself  have  observed,  has  hardly  any 
connection  with  the  second  part.  It  is  unnecessary  as  far  as 
the  appreciation  of  the  second  part  is  concerned.  It  reminds 
me   very   much   of  the  proceedings   of    a   certain  number  of 
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ladies  forming  a  literary  club  One  of  the  members  is  appointed 
to  deliver  a  lecture  on  something  which  is  as  a  rule  very  advanced 
indeed,  and  usually  very  obscure  and  very  uninteresting.  But 
fortunately  it  is  always  relieved  by  a  nice  supper  afterward,  and 
the  hostess  ordinarily  does  not  neglect  the  quality  of  the  supper, 
because  without  the  supper  the  lecture  would  not  draw.  So  sci- 
entific writers  who  have  something  very  important  to  communi- 
cate, something  really  very  interesting  and  enjoyable,  will 
sometimes  preface  that  by  something  that  is  not  very'  interesting 
or  enjoyable. 

There  is  no  doubt  that  many  among  us  have  thought  a  great 
deal  about  the  purely  theoretical  side  of  conduction.  There  is 
nothing  perhaps  in  tne  whole  range  of  the  science  of  electricity 
which  IS  m  little  understood  as  the  conduction  of  current  What 
is  the  process  that  is  called  the  conduction  of  the  electrical  cur- 
rent ?  Who  has  any  definite  idea  about  it?  I  do  not  think  that 
Maxwell  has  ever  expressed  a  definite  opinion  on  the  subject  at  all. 
In  fact,  the  theory  of  the  mechanism  of  conductic  n  has  never  been 
attempted  until  within  the  last  few  years,  and  then  it  was 
attempted  in  consequence  of  the  marked  advances  which  have 
been  made  in  physical  chemistry.  There  is  no  doubt  that  the 
conductivity  of  a  salt  solution  is  very  intimately  connected  with 
its  degree  of  dissociation,  so  that  if  you  know  the  osmotic  pres- 
sure or  the  vapor  tension  depression  of  a  salt  solution  you  can  by 
indirect  method  calculate  its  conductivity,  starting,  of  course, 
from  the  hypothesis  that  the  conductivity  is  due  to  the  dissociated 
molecules.  Then  a  great  deal  has  been  done  on  the  conduction 
of  current  through  rarefied  gases  by  the  beautiful  experiments 
ci  I'rof.  J.  J.  Thomson  in  which  he  showed  that  a  vacuum  tube 
will  act  as  a  screen  for  electric  waves,  etc.  Now  in  all  these 
cases  we  cannot  help  being  led  to  the  conclusion  that  the 
mechanism  of  electrical  current  consists  in  the  carrying  of 
electrical  charges,  by  the  dissociated  ions  of  the  gas  in  one  case, 
and  of  the  salt  in  the  solution  iu  the  other  case.  Whether  we 
have  a  right  to  infer  from  this  particular  class  of  conduction 
that  in  the  case  of  metallic  conductors  the  conduction  takes  place 
by  a  sort  of  dissociation  or  not.  remains  to  be  seen.  I  certainly 
think  that  we  have  no  right  so  far  as  experimental  data  at 
present  are  concerned.  A  generalization  of  the  kind  was  suggested 
by  Prof.  J.  J.  Thomson  in  his  book  on  "Kecent  Researches 
in  Electricity  and  Magnetism."  Now  whether  the  electrical 
mechanism  of  conduction  be  a  sort  of  electrolytic  convection  or  not 
I  do  not  really  see  how  the  coarse  mechanical  properties  of  a  sub- 
stance, like  elasticity  and  density,  can  have  any  direct  connection 
with  electrical  conduction.  To  be  sure  these  empirical  formulee 
which  Prof  Fessenden  hasgiven  are  very  suergestive.  But  I  do  not 
think  we  ought  to  take  them  au  serieux  They  are  simply  inter- 
esting empirical  formulae  and  not  anything  else,  and  I  do  not 
think  Prof  Fessenden  intends  that  they  shall   be  taken  in  any 
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other  way  than  simplj  as  Bugs^estiTe  formulse.  Thej  serve  to 
assist  our  memory  in  remembering  the  electrical  properties — 
the  electrical  and  physical  constants  of  materials. 

I  cannot  say  that  the  author  has  always  been  entirely  correct 
in  his  statements  of  the  opinions  and  theories  of  former 
physicists  It  is  too  late  now  to  go  into  a  close  discussion 
of  this  matter.  But  one  statement  seems  to  me  to  be  verv  much 
out  of  the  way,  and  that  is  the  statement  on  page  131  where  he 
says :  ^'  The  electric  conductivities  are  in  the  same  ratio  as  the 
'^  velocities  of  very  short  sound  waves,  being  thus  analogous  to 
"  Maxwell's  law  for  the  velocity  of  light  in  insulators,  in  that 
"  the  velocity  varies  with  the  periodicity."  In  that  the  velocity 
varies  with  the  periodicity — now,  as  far  as  I  remember.  Maxwell 
has  never  ^ven  that  law,  and  in  fact  Maxwell's  theory  is  incom- 
plete in  this  very  point,  in  that  it  gives  the  same  velocity  for  all 
periodicities.  It  is  only  due  to  receflt  advances  in  the  theory  of 
electricity  that  the  dispersion  of  light  has  been  explained  on  the 
basis  of  Maxwell's  theory.  Dispersion  of  light  is  possible 
only  if  different  periodicities  travel  with  different  velocities.  Sa 
that  I  do  not  see  where  Prof.  Fessenden  has  found  that  in 
Maxwell's  theory.  That  seems  to  me  to  be  an  entirely  erroneous 
statement. 

I  think  the  practical  part  of  the  paper  is  most  excellent.  It 
shows  that  the  author  has  had  a  very  large  experience  in  the 
handling  of  various  materials,  of  conductors  and  non-conductors, 
and  although  I  think  that  to  most  of  the  electrical  enffineers  who 
have  had  considerable  experience  in  research  work,  alithese  state- 
ments will  not  be  new,  still  1  think  it  is  very  useful  to  have  all 
these  experimental  data  classified  and  recorded  as  something:  ta 
which  we  can  refer.  I  think,  therefore,  that  it  is  a  very  good  thing 
to  have  in  the  Transactions  a  few  pages  like  these  where  valuable 
suggestions  concerning  the  properties  of  materials  are  recorded 
in  a  systematic  way.  Yot  tnat  part  of  the  paper  most  of  us,  I 
think,  feel  as  I  do,  that  we  ouglit  to  be  very  grateful  to  Prof. 
Fessenden. 

[Adjourned.] 


[Communicated  after  adjournment  by  Reginald  A. Fessenden.] 

I  regret  that  an  important  business  meeting  rendered  it  im- 
possible for  me  to  personally  present  this  paper  before  the 
Institute,  but  I  take  the  opportunity  to  toucn  on  some  of  the 
remarks  made  during  the  discussion. 

First,  with  respect  to  the  connection  between  the  different 
parts  of  the  paper,  I  would  eaj'  that  this  is  much  more  close  than 
appears  to  have  been  appreciated ;  in  fact,  it  is  almost  too  obvious 
to  require  mentioning  that  a  knowledge  of  the  theory  of  int-ula- 
tion  requires  a  knowledge  of  the  theory  of  conduction.     Insula- 
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tion  is  one  of  the  most  important  points  in  electrical  design,  but 
I  have  no  hesitation  in  saying  that  there  are  not  more  tlian  one 
or  two  companies  in  the  United  States  whose  insulations  are 
worth  more  than  so  much  bare  cotton  cloth  after  two  years'  ser- 
vice. By  this  I  mean  that  if  a  piece  of  apparatus  be  taken  after 
one  or  two  years'  use  and  put  in  a  box,  and  the  bottom  of  the 
box  flooded  with  water,  the  insulation  resistance  of  the  apparatus 
will  begin  to  go  down  and  in  a  short  time  it  will  fail  to  pass  a 
voltage  test,  thus  showing  that  the  insulation  is  no  insulation  at 
all,  properly  speaking,  but  merely  a  mechanical  means  for  keep- 
ing the  wires  apart  and  insulating  only  just  as  much  as  a 
piece  of  cotton  tape  would.  To  take  one  example,  1  bad  re- 
cently sent  me  by  a  large  manufacturer  of  street  railway  motors 
a  piece  of  insulating  material  for  which  he  claimed  very  con- 
siclerable  virtues;  which  had  been  the  best  insulation  he  had 
used  so  far  and  which  he  had  only  abandoned  on  account  of  its 
very  high  price.  On  my  testing  a  sample  taken  from  a  motor 
about  a  year  old  I  found  that  it  had  been  originally  a  very  good 
quality  of  canvas,  covered,  above  all  things  in  the  world,  with 
rubber.  Of  course,  the  rubber  had  totally  gone  to  pieces  and 
was  in  the  form  of  a  black  non-cohesive  powder.  Its  insulating 
properties  proved  so  poor  that  on  placing  a  drop  of  water  on 
one  side  of  it,  in  30  seconds  it  came  through  on  the  other  ^ide. 

The  trouble  is  that  the  insulating  department  of  a  company  is 
generally  put  in  charge  of  some  young  man  of  very  little  prac- 
tical experience.  He  is  generally  a  good  and  able  man,  makes  a 
lot  of  experiments  which  have  been  made  over  and  over  again 
by  others,  but  not  published ;  thinks  he  has  found  some  good 
things,  and  after  a  year  or  so,  when  he  begins  to  see  how  the 
machines  brought  in  for  repair  look  and  is  really  beginning  to 
learn  something,  is  promoted  to  a  better  position,  and  the  next 
man  goes  through  the  same  thing.  To  again  take  an  example, 
one  of  the  most  common  things  for  the  beginner  to  do  is  to 
make  up  a  gum  varnish  as  an  insulator.  I  know  personally  at 
least  ten  cases  of  this.  Now,  old  hands  know  that  a  gum  varnish 
is  no  good,  that  it  cracks  within  a  year,  that  it  splits  in  cold 
weather,  that  it  never  makes  a  good  joint  when  used  on  paper  or 
cloth,  and  that  its  only  virtue  is  that  it  looks  pretty  for  a  time. 
Yet  I  suppose  that  there  are  at  the  present  time  at  least  a  dozen 
companies  using  varnishes  for  insulation,  at  from  $l.r>0  to  $4.00 

Eer  gallon,  when  pure  borated  oil,  superior  in  every  respect,  can 
e  got  for  about  30  cents  per  gallon. 

Isow  all  those  details  would  make  a  long  paper,  too  long  to 
read  at  such  a  meeting  as  that  of  the  Institute,  and  I  have 
therefore  merely  indicated  a  general  theory  of  the  subject  with 
a  few  illustrations. 

I  thoroughly  appreciate  the  kind  remarks  of  Professors 
Franklin  and  rupin.  I  however  disagree  with  them  entirely 
on  certain  points.     First,  with  respect  to  Professor  Franklin's 
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remark  about  molecules.  I  have  myself  some  knowledge  of 
chemistry,  and  was  for  some  years  head  chemist  of  Mr.  Edison's 
laboratory.  I  haye  also  made  a  specialty  for  some  ten  years  of 
physical  chemistry,  and  I  haye  no  hesitation  in  saying  that  the 
foundation  of  almost  all  jjood  work  in  chemical  physics  must  be 
the  behavior  of  the  molecule.  It  is  true  that  there  has  been  a 
good  deal  of  manipulation  of  energy  equations  lately  by  the 
chemists,  and  I  will  not  deny  that  some  good  work  has  been 
done  in  this  line,  but  it  must  not  be  forgotten  that  this  is  only 
one  small  branch  of  physical  chemistry,  and  that  the  results  so 
obtained  can  generally  be  obtained  by  much  simpler  methods. 
I  think  Professor  Franklin  will  appreciate  this  if  I  ask  him  to 
predetermine  the  density  of,  say,  csesium  chloride ;  to  pre- 
determine the  tensile  strength  of  magnesium ;  to  predeter- 
mine the  angles  of  a  crystal  whose  chemical  composition  is 
known,  without  resorting  to  other  analogous  salts ;  to  determine 
a  law  for  the  compression  of  gases  which  shall  have  but  one  ar- 
bitrary constant  and  shall  yet  express  mth  more  exactness  than 
Van  der  Waal's  equation  the   pressure  volume  curves  for  all 

Stses,  or  to  give  a  strict  and  satisfying  mathematical  proof  that 
ulong  and  Petit's  law  is  a  true  physical  law  and  not  a  coinci- 
dence. I  think  that  it  will  be  admitted  that  this  cannot  be  ^one 
without  resource  to  molecular  theories,  but  all  the  above  have 
been  done  by  the  writer,  and  all  ])ublished  except  the  last. 
Many  beautiful  instances  are  given  by  Professor  Roberts-Austen 
in  his  papers,  for  instance  the  predetermination  of  the  tensile 
strength  of  alloys.  1  venture  to  express  the  opinion  that  the 
recent  work  of  Larmor  on  combinations  of  vortex  rings,  to- 
gether with  the  newly  discovered  fact  that  the  unequal  shifting 
of  the  lines  in  Zeeman's  eflfect  must  depend  upon  the  valency  of 
the  atom ;  that  the  valencies  of  an  atom  must  be  separate  and 
distinct  things,  as  distinct  from  each  other  as  two  interlaced 
rings ;  that  each  valency  must  give  rise  to  a  distinct  set  of  lines, 
shifting  differently  to  the  lines  due  to  another  valency,  the 
shifting  being  given  by  a  simple  expression,  will  give  fresh  im- 
petus to  work  in  this  direction.  There  is  reason  to  believe  that 
this  year  will  ever  be  memorable  as  the  date  on  which  we  first 
began  to  obtain  definite  information  in  regard  to  the  structure 
of  "the  atom. 

It  is  not  true  that  atoms  cannot  be  measured.  They  have  not 
been  measured  very  accurately  at  present,  but  any  chemist  who 
should  determine  the  latent  heat  ot  vaporization  and  the  surface 
tension  of  mercury  would  be  able  to  determine  from  them  the 
size  of  the  atoms,  and  hence  that  of  the  molecules,  with  a  degree 
of  precision  approaching  that  of  many  atomic  weights. 

I  am  very  much  pleased  with  Professor  Franklin's  mechanical 
analog)'.  It  brings  out  things  in  a  very  pretty  way.  With  re- 
gard to  the  question  of  boiling  in  vacuo,  I  would  say  that 
Professor  Franklin  is  perfectly  riglit  in  saying  that  it  is  better 


158      FBSSENDBN  ON  INSULATION  AND  CONDUCTION  [Mar.  *<!3, 

tlian  in  air,  but  my  experience  has  been  that  if  the  boiling 
is  done  as  I  have  described,  the  difference  is  very  slight.  I  do 
n<)t  know  the  reason  of  this ;  possibly  it  is  that  when  the  cellu- 
lose begins  to  decompose,  it  drives  out  the  rest  of  the  air,  and 
when  the  paraffin  cools,  the  hydrocarbon  vapors  are  absorbed  by 
the  paraffin.  I  have  never  made  any  experiments  to  test  this 
theory,  however. 

With  reference  to  Prof.  Pu pin's  remarks,  I  hope  he  will  par- 
don me  if  I  say  that  he  would  never  have  made  the  statement 
that  the  rate  of  flow  of  a  current  "  could  not  have  anything  to  do 
with  such  coarse  mechanical  properties  of  matter  as  elasticity 
and  density,"  if  he  were  not  deeply  versed  in  the  writings  of  the 
modem  mathematical  physicists  who  have  treated  of  electrical 
problems.  I  will  add,  if  he  were  not  too  deeply  versed.  I 
nave  a  complaint  to  make  against  these  gentlemen :  they  cannot 
be  got  to  realize  that  there  is  a  difference  between  a  force  and 
a  flux,  between  h  and  b  for  instance.  In  a  paper  in  the  very 
last  Philosopliical  Magazine  for  example,  the  formula  for  the 
Zeeman  effect  is  given  wrongly,  h  being  written  throughout 
for  ij.  As  a  consequence  of  this  neglect  of  /i,  they  out- 
Maxwell  Maxwell,  and  any  one  reading  their  papers  would 
get  the  impression  that,  as  one  of  them  has  actually  put  it, 
the  only  function  of  a  wire  was  to  dissipate  energy. 

This  is  going  too  far.  It  is  entirely  false.  The  dissipation  of 
energy  is  merely  an  incident  and  has  nothing  to  do  with  the 
function  of  a  wire,  which  is  to  carry  what  we  call  the  quantity 
of  electricity.  Take  for  instance  a  copper  wire  at  absolute  zero. 
It  tlien  dissipates  no  energy,  but  does  any  one  suppose  that 
we  could  then  remove  the  wire  and  still  have  a  current  i 
Not  unless  the  ether  at  absolute  zero  were  a  conductor,  which 
is  negatived  by  the  fact  that  the  sun's  light  traverses  space, 
which  it  could  not  do  if  the  ether  in  space  were  not  a  per- 
fect insulator.  A  sensational  idea,  even  m  science,  is  hard  to 
kill,  no  matter  how  false ;  as  witness,  the  often  rej)eated 
statement  that  light  is  due  to  charges  oscillating  on  the  atoms, 
as  in  small  condensers,  though  this  statement  has  been  refuted 
time  and  again,  and  by  the  very  man  who  first  made  it. 
And  so  we  must  be  prepared  for  some  years  to  hear  that 
the  ether  is  the  all  important  thing,  whereas,  as  a  matter  of 
fact,  it  is  merely  the  thing  which  pushes  along  the  thing 
which  we  call  the  current. 

Xow  we  know  three  ways  of  producing  a  current.  Con- 
vection, electrolytic  conduction  and  metallic  conduction.  We 
Jk'now  that  in  convection  the  current  does  not  travel  with  the 
velocity  of  light,  but  that,  by  putting  charged  balls  in  the 
insulated  buckets  of  a  coal  conveyor,  we  may  nave  any  current 
we  please,  and  the  electricity  traveling  as  fast  or  as  slow  as 
we  please.  In  electrolytic  conduction  we  have  very  good 
reason  to  believe  that  the  electricity  travels  on  the  atoms,  and 
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at  a  speed  of  only  a  few  centimetres  per  second.  Having 
thus  one  instance  in  which  the  current  is  known  not  to 
travel  with  the  speed  of  light,  and  one  in  which  it  is  almost 
certainly  known  not  to  do  so,  does  not  the  burden  of  proof 
that  the  current  in  a  wire  does  not  flow  also  at  some  slower 
rate  fall  upon  these  '^all  ether"  physicists  if 

Xow,  as  to  the  actual  relation  given  by  me,  the  facts  are 
these :  Dr.  Lodge,  as  I  have  pointed  out,  many  years  ago 
showed  that  it  would  be  a  natural  thing  if  the  current  flowed 
at  the  velocity  of  sound,  but,  having  no  data  for  the  velocity 
of  sound  in  wires,  or  rather,  incomplete  data,  stated  that  there 
did  not  seem  to  be  any  relation.  I,  working  in  an  empirical 
manner,  found  a  formula  showing  a  relation  between  the 
velocity  for  sound  and  the  conductivity.  This  I  published 
years  ago,  and  gave  in  it  the  conductivity  of  aluminium  as  66 
per  cent,  that  of  copper,  the  best  determination  at  that  time 
being  that  it  was  only  5<>  per  cent.;  but  as  I  had  forgotten 
about  Lodge's  work,  I  did  not  refer  to  it.  N<yw  the  latest 
determinations  of  the  conductiWty  of  aluminium  give  it  as  I 
had  predicted  it. 

\x\  >])ite  of  this,  Professor  Pupin  says  that  he  "does  not 
think  that  we  ought  to  consider  these  fornmla?  an  seri^uxy 
To  which  I  can  only  say  that  I  conceive  Professor  Pupin  to 
be  possessed  of  a  very  happy  disposition.  To  speak  seriously, 
no  real  advance  of  importance  can  be  made  until  we  give  up 
this  idea  of  attributing  evervthing  to  the  ether  and  come  bact 
to  face  the  facts.  Permeability  and  specific  inductive  capacity 
are  real  things,  even  their  general  forms  are  known,  and  we 
can  prove  from  Faraday's  law  of  electrolysis  ^  that  at  least  one 
of  them  must  be  a  complex  quantity.  A  great  deal  of  harm 
has  been  done  by  this  neglect  of  the  functions  of  matter,  and 
many  students  have  had  thdr  ideas  confused  by  it.  Too  much 
has  been  laid  to  the  ether. 

AVith  regard  to  Professor  Pupin's  remarks  on  Maxwell's  law, 
they  are  perfectly  correct,  but  I  never  wrote  the  sentence  as 
he  (juotes  it.  The  compositor  has  seen  tit  to  introduce  a  colon 
before  the  word  "  these "  which  should  not  belong  there,  and 
as  originally  written,  the  nominative  of  the  verb  "  being  "  was 
the  w(»rd  "relation."     The  sentence  thus  means  that  Maxwell's 

law,  k"   iJT    is  proportional    to   the  slowness  of  light,   and  my 

rule,  that  fjrl0  is  proportional  to  j;he  slowness  of  sound,  have 
this  in  common,  that  the  function  of  k  and  //  varies  with  the 


1.  This  was  indicated,  of  course,  long  ago  by  some  of  tlie  optical  theories, 
but  it  has  been  shown  by  Rayleigh  and  others  that  this  does  not  give  satis- 
factory results  in  all  cases.  The  proof  depending  upon  Faraday's  law  is  how- 
ever unexceptional,  though  at  first  sight  tncre  woula  seem  to  be  no  immediate 
connection. 
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periodicity  of  the  motion.  Maxwell,  of  course,  in  his  law 
never  made  any  statement  that  k  or  /i  varied  with  the  peri- 
odicity, though  he  shows  that  k  does  in  other  portions  oi  his 
work.  I  would  thank  Professor  Piipin  for  calling  my  atten- 
tion to  this  slip. 


AMERICAN  INSTITUTE  OF  ELECTRICAL 

ENGINEERS. 


Nkw  York,  April  27th,  1898. 

The  124th  meeting  of  the  American  Institute  of  Electrical 
Engineers  was  held  tliis  date,  at  12  West  3l8t  Street,  and  was 
called  to  order  at  8:30  p.  m.  by  the  Secretary. 

The  Skcrktary  : — The  Vice-Presidenta  and  Manatijers  who 
are  on  the  ntandardizing  eonimittee  are  engaged  in  quite  an  im- 
portant session,  and  they  will  be  in  attendance  later.  Meanwhile 
we  will  proceed  with  the  busincBs  of  the  evening,  and  if  Bome 
gentleman  would  be  kind  enough  to  nominate  a  Chairman  to  act 
until  the  President  arrives,  I  will  entertain  the  motion. 

Mr.  Joseph  Wktzlkk: — I  move  that  Mr.  Leonard  occupy  the 
Chair  temporarily  in  the  absence  of  the  President. 

The  motion  was  carried,  and  Mr.  H.  Ward  Leonard  took  the 
Chair. 

The  Skcketary  : — At  the  meeting  of  the  Executive  Com- 
mittee this  afternoon  the  following  associate  meml)er8  were 
elected : 

Name.  Address.  Endorsed  by 

Allbn,  Wyatt  ET.      Care     H.   P.   Allen,  202  California    Louis  Duncan. 

St ,  San  Francisco,  Cal.  H   S.  Bering. 

Alex.  Stratton. 

FiTZHUGH,  Wm.  H.     Supt.  Bay  City  Electric  Plant,    Bay    F.  B.  Rae. 

City,  Mich.  F.  S.  Hunting. 

Thomas  Duncan. 

FLEMiNTf,  John  Breckenridgk.    Mill  Superintendent  Hn<l     R.  W.  Pope. 

Cons     Knginoer,    Austin    Mining    E»l\v.  Calawell 
Co.,  Austin,  Nev.  W.   F.  C.  Hasson. 

Hrnry,  Geo.  J.  Jr..  Engineer   for  N.   Y.  Branch.    The     W.  W.  Blunt. 

Pelton    Wator    Wheel    Co.,     143     P.  N.  Xunn. 
Liberty  St.,  N.  Y.  City.  J.  N.  LeConte 

HoPKiNP,  N.  S.  Ass*t  Engineer,  General  Electric  Co.    H.  G.  Reist. 

Box  825,  Schenectady,  N.  Y.  A.  L.  Rohrer. 

C.  P.  Stein  met  z. 
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LiKDSAT,  Robert        General  Supt.    The  Cleveland  £lec.  M.  C.  Canfield 

111.  Co.,   717  Cuyahoga  Building,  W.  S.  Baretow. 

Cleveland,  Ohio.  J.  W.  Lieb,  Jr. 

MuscHENHEiM,  Pred'k  A.    Electfical  Engineer,  Western  H.  P.  Albright. 

Electric  Co.,  57  Bcthune  St.,  resi-  B.  S,  Keefer. 

dence,  41  W.  81st  St..  N.  Y.  City.  Geo.   A.  Hamilton. 

ScHLOSs,  NiWTON  L.  Consulting  Engineer,   39  Cortlandt  Jos.  Wetzler. 

St.,   residence,  Stuart  House,  N.  T.C.  Martin. 

Y.  City.  R.  W.  Pope. 

ToLMAN,  ClaeenceM.    Electrical  Engineer,   with  Edw.  C.  E.  Doolittle. 

G.  Stoiber,  Silverton,  Colo.  E.  Fried laender. 

H.  G.  Reist. 

ViNTEN,  Ernest  Stiles    Draughtsman,  Walker  Co.,  New  Chas.  N.  Black. 

Haven,  Conn. ;  residence.  89  Pearl  H.  McL.    Harding. 

St.,  New  Haven,  Conn.  P.  G.  Daniell. 
TotAl,  10. 

The  following  paper  on  "  An  Economy  Test  of  a  Central  Sta 
tion"  WHS  presented  by  the  Secretary  in  the  absence  of  the 
author : 


A  Paper  prtstKtcd  mi  the  ra4tk  Afetitnf^  of  tkf 
Alter ic an  iMstitutr  of  EUttrical  Engineers^ 
Ntrt*»  York,  April  iyth,  t8q8,  Mr.  //.  Ward 
Leonard  in  the  Chair. 


AN  ECONOMY  TEST  OF  A  (  ENTKAL  STATION. 


BY    W.    E.    OOLD8IIOROUOH. 


Introduction. 

During  the  summer  of  1S95,  I  made  a  study  of  one  of  the 
large  electric  lighting  stations  of  Baltimore  city,  from  an  eco- 
nomic stand-point.  A  series  of  somewliat  general  observations, 
led^  finally,  to  a  decision  to  subject  the  plant  to  a  number  of 
rigid  economy  tests,  to  determine  along  what  lines,  if  any,  the 
method  of  operating  the  station  could  be  modified  to  improve  its 
efficiency.  The  tests  were  initiated  largely  as  a  matter  of  en- 
gineering interest;  for  the  station,  even  at  that  time,  was 
adjudged  efficient.  Arrangements  for  these  tests  w^ere  perfected 
about  the  end  of  the  summer,  and  in  the  following  pages  is  given 
an  account  of  the  more  interesting  matters  that  cAme  to  my 
notice  during  their  progress. 

Since  1895,  the  station  has  been  so  extensively  improved,  both 
as  the  result  of  these  inventigations  and  the  natural  growth  of 
business,  that  the  paper  can  hardly  be  said  to  be  a  record  of  the 
economic  performance  of  any  at  present  existing  plant.  New 
l>oilers  have  been  added,  as  well  as  new  engines.  With  but  one 
or  two  exceptions  the  old  engines  have  been  refitted  with  new 
cylinders  and  valves,  and  the  electrical  units,  dating  as  far  back 
as  the  tests,  have  been  so  thoroughly  renovated  as  to  be  practi- 
cally new. 

The  station  is  to-day,  without  doubt,  more  efficient  than  in 
1895,  and  the  improvement  is  in  a  great  measure  due  to  the  re- 
moval of  the  defects  to  which  your  attention  will  be  called. 
Tests  of  the  character  of  those  discussed  have  an  undoubted 
value,  and  there  is  many  another  plant  to  be  studied  and  regu- 
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lated  in  virtually  the  same  manner  before  it  attains  the  maximum 
efficiency.  A  combination  of  boilers,  engines  and  generators, 
however  efficient  they  may  be  severally,  do  not  necessarily  pro- 
duce an  efficient  station.  Each  station  must  be  regarded  as  a 
special  problem  by  the  engineer,  and  must  be  studied  as  such. 

The  interest  taken  in  investigations  of  this  character  by  Mr. 
James  Frank  Morrison,  general  manager  of  the  company  con- 
trolling the  station,  made  the  tests  possible,  and  it  is  through  \m 
kindness  in  consenting  to  the  partial  publication  of  the  results 
obtained,  that  I  am  privileged  to  read  before  the  Institute  this 
abstract  of  my  report.  If  the  facts  do  not  appear  in  some  cases 
to  bear  out  the  conclusions,  it  must  be  remembered  tliat  it  has 
been  possible  for  me  to  embody  in  this  paper  only  a  small  part 
of  the  original  data. 

Purdue  University,  La  Fayette,  Ind., 
March  1898. 

The  Station. 

The  West  Pratt  Street  Station  of  the  Edison  Electric  Illumin- 
ating Company  of  Baltimore  city  is  situated  on  the  north-west 
comer  of  Pratt  and  Penn  streets,  Baltimore,  Maryland. 

The  station  occupies  a  substantial  one-story  brick  building  that 
fronts  on  Pratt  street  and  extends  back  178  feet  to  King  street. 
The  general  character  of  the  building  is  very  well  illustrated  in 
the  ground  plan  and  elevation  of  it  that  is  contained  in  this  pa- 
per. The  Pratt  street  end  contains  the  boiler  plant ;  this  room 
is  CO  feet  long  and  T)!  feet  wide.  North  of  the  boiler  room  is 
the  engine  room ;  it  is  118  feet  long  and  60  feet  wide. 

From  Pratt  street  the  station  presents  a  pleasing  appearance. 
Its  front  is  rectangular,  35  feet  high  and  broken  by  large  double 
doors  and  windows. 

Th^  lioihr  Room, — The  boiler  room  cc»ntains  nine  water-tube 
boilers  of  the  type  manufactured  by  the  Campbell  and  Zell  Com- 
pany which  are  arranged  in  four  batteries  of  two  each,  with  one 
large  boiler  in  the  south-west  corner  by  itself. 

The  boilers  have  a  total  rated  capacity  of  1,750  liorse-power. 

As  shown  by  the  ground  plan  of  the  station  above  referred  to, 
the  boiler  plant  is  e(|uipped  with  three  lari^e  iron  stacks.  One 
of  these  receives  the  products  of  combustion  from  the  furnace  of 
boiler  No.  1.  Another  is  in  the  northwest  corner  of  the  b'»iler 
room  and  forms  the  continuation  of  the  Hues  of  boilers  Nos.  i'. 
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3,  4  and  5.  The  third  is  in  the  northeast  corner  of  the  boiler 
room  and  is  built  to  accommodate  the  large  boilers,  Nos.  6,  7,  8 
and  9,  on  the  east  side  of  the  station. 

The  location  of  the  steam  mains  is  not  shown  in  the  station 
drawing.  A  single  10-inch  main  extends  along  the  west  side  of 
the  boiler  room  over  boilers  Nos.  1,  2,  3,  4  and  5.  It  is  carried 
through  the  north  wall  and  terminates  in  a  "straight  line"  cen- 
trifugal separator  placed  just  inside  the  engine  room.  On  the 
east  side  of  the  station  a  similar  line  of  16-inch  pipe  extends  over 
and  collects  the  steam  from  boilers  Nos.  6,  7,  8  and  9.  It  is  ex- 
tended on  into  the  engine  room.  The  east  and  west  steam  mains 
are  connected  by  a  10-inch  pipe  which  runs  parallel  to  the  divid- 
ing wall  just  inside  the  boiler  room.  The  cross  main  is  equipped 
with  a  large  stop  valve  and  an  equalizer  connection. 

The  equipment  of  the  boiler  room  also  includes  one  500  n.  p. 
"  national"  feed  water  heater,  one  500  h.  p.  "  excelsior"  heater 
and  purifier  and  one  1500  h.  p.  double  open  and  closed  feed 
water  heater  made  at  the  Bass  Foundry  and   Machine  Works. 

There  are  three  duplex  pumps  at  the  north  end  of  the  boiler 
room,  where  the  heaters  are  also  placed.  The  steam  cylinders 
of  these  pumps  are  12"  x  12''  and  the  wat^r  cylinders  7*  x  12'' 

As  a  rule  it  is  found  that  one  pump  is  sufficient  to  supply  the 
boilers,  and  during  the  tests  made  upon  the  station,  only  one 
pump  was  used.  The  feed  water  flows  from  the  city  mains  di- 
rectly to  the  heaters  in  which  it  is  heated  by  the  exhaust  steam 
from  the  engines.  It  is  drawn  from  the  heaters  and  forced  into 
the  boilers  by  the  pumps.  During  the  tests  the  heaters  were 
found  to  be  very  effective.  They  do  not  apparently  increase  the 
back  pressure  in  the  exhaust  mains  and  yet  save  over  11  per 
cent,  of  the  fuel. 

77ie  Engine  Roouk — The  newer  part  of  the  station  building 
north  of  the  boiler  room  contains  the  engines  and  the  electrical 
machinery.  The  floor  of  this  room  is  about  level  with  the 
ground.  The  foundations  of  the  engines  all  extend  above  the 
floor  and  there  are  no  wheel  pit**,  etc.  in  the  station.  The  aggre- 
gate rating  of  the  engines  is  20^)5  h.  p. 

The  piping  between  the  engines  and  boilers  is  ample  in  its  di- 
mensions. Engines  Nos.  1,  2,  3,  5  and  8  are  on  the  east  side 
main.  This  main  is  constructed  of  16-inch  pipe  up  to  the  j)oint 
where  the  supply  pipe  of  No.  1  engine  is  connected. 
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Bejond  this  point  it  is  reduced  to  10-iiich  pipe  and  is  carried 
over  to  the  west  side  of  tlie  station  ;  it  is  then  extended  north 
over  engines  Nos.  5  and  8.  Wliere  the  east  main  crosses  the 
middle  of  the  station  a  "straight  line"  centrifugal  separator  has 
been  inserted.     This  is  the  only  separator  on  this  line  of  pipe. 

The  pipe  connections  between  engines  Nos.  1,  2,  5  and  8,  and 
the  east  main  are  quite  direct  and  short ;  the  connection  to  No.  3 
is  however,  necessarily  long;  it  extends  entirely  across  the 
station. 

Engines  Nos.  4,  6  and  7  are  connected  to  the  west  side  steam 
main.  This  main  extends  almost  due  north  from  the  boiler 
room  and  is  composed  of  10-inch  pipe  throughout  its  entire 
length. 

The  exhaust  mains  extend  north  and  south  underneath  tlie 
floor.  They  connect  directly  with  the  heaters,  and  all  waste 
steam  not  condensed  by  the  feed  water  is  discharged  through 
exhaust  heads  into  the  air.  All  of  the  engines  exhaust  into  these 
mains  except  engine  No.  1,  which  exhausts  directly  into  the  at- 
mosphere through  an  exhaust  head. 

The  normal  steam  pressure  at  which  the  engines  are  operated 
is  130  pounds  by  gauge.     The  entire  plant  is  non-condensing. 

The  station  is  equipped  with  electrical  machinery  designed  to 
supply  18,000  1(5  c.  w  incandescent  lamps  and  1,420  2,000  c.  p. 
arc  lamps.  The  arrangement  of  the  units  is  shown  on  the 
ground  plan  of  the  station.     They  are  all  belted  to  the  engines. 

The  dynamo  leads  are  carried  to  the  switchboard,  whicli-  is 
raised  nine  feet  above  the  Hoor  of  the  station,  through  subways 
underneath  the  floor.  From  the  switchboard  the  leads  are  car- 
ried out  of  the  station  on  suit^ible  racks  through  the  skylight  that 
covers  the  greater  portion  of  the  roof  of  the  engine  room. 

A  very  good  idea  of  the  appearance  of  the  station  and  the  gen- 
eral arrangement  and  setting  of  the  machinery  can  be  obtained 
from  the  cut  of  the  engine  room.  The  cut  brings  out  the  ar- 
rangement of  the  steam  piping  and  wiring  very  clearly. 

T/tf  Arc  LiijhtitHj  Plant, — In  the  arc  lighting  plant,  the  usual 
American  practice  of  transmitting  power  to  nutnerous  dynamos 
from  one  engine  by  means  of  shafting  and  belting  is  followed. 
The  entire  equipment  is  divided  into  three  sets. 

Engine  No.  1,  which  is  a  000  h.  p.  horizontal  cross-compound 
high-speed  Ball  and  Wood  engine,  is  directly  connecte<l  to  a  line 
shaft  that  extends  along  the  east  side  of  the  station,  and  to  which 
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twelve  80-light  Wood  2,000  c.  p.  arc  light  machines  are  belted. 
£ach  of  these  dynamos  will  safely  develop  38.4  k.  w.  or  51.47 
u.  p.,  making  a  possible  total  load  of  018  h.  p.  for  the  engine, 
over  and  above  the  friction  load  due  to  the  line  shafting. 

Engine  No.  2  is  also  directly  connected  to  a  line  shaft  extend- 
ing along  the  eastern  wall  of  the  station.  The  engine  is  a  simple 
four  valve  horizontal  high-speed  Russell  engine  of  170  h.  p.  and 
drives  a  10  k.  w.  500-volt  Wenstrom  generator  and  three  80- 
light  Wood  2,000  c.  p.  arc  light  dynamos,  which  are  all  belted  to 
its  line  shaft.  The  total  maximum  rated  electrical  output  of  this 
equipment  is  108  n.  p. 

Engine  No.  3  is  a  125  ii.  p.  simple  single  valve,  high-speed 
horizontal  Russell  engine.  It  drives  two  80-light  and  one  60- 
light  Wood  2,000  c.  p.  arc  light  dynamos  that  are  belted  to  pul- 
leys on  a  short  extension  of  the  engine  shaft.  The  total  normal 
rated  output  of  this  equipment  is  141.5  s.  h.  p. 

The  normal  current  output  of  the  arc  machinery  is  9.0  am- 
peres. The  practice  at  the  station,  however,  is  to  regulate  the 
machines  at  about  9.5  amperes,  and  this  current  value  was  used 
during  the  tests,  except  in  the  case  of  machines  Nos.  4  and  0, 
which  supply  the  arc  motor  circuits  and  are  operated  above  their 
normal  capacity  at  10  amperes. 

Th4!  rncamhscent  Plant — The  single-phase  alternating  cur- 
rent system  is  exclusively  employed  for  the  distribution  of  power 
to  the  incandescent  lighting  circuits.  A  uniform  pressure  of 
1000  volts  is  supplied  to  the  distributing  mains,  and  this  is  re- 
duced by  means  of  transformers  to  50  volts  at  points  where  it  is 
supplied  to  consumers. 

To  meet  the  increasing  demands  upon  the  station  and  to  ad- 
mit of  the  most  economical  adjustment  of  the  load  under  existing 
conditions  the  incandescent  plant  has  been  enlarged  from  time  to 
time  until  at  present  it  comprises  five  distinct  equipments  each 
operated  by  a  separate  engine.  The  arrangement  of  this  ma- 
chinery is  very  well  exhibited  in  the  cut  of  the  ground  plan  and 
side  elevation  of  the  station  contained  in  this  paper.  Referring  to  it: 

Alternator  A,  is  a  150  k.  w.  Wood  machine  compounded  for 
1000  volts.  It  is  operated  by  a  300  h.  p.  tandem  compound 
"ideal"  engine. 

Alternator  B,  is  a  100  k.  w.  compound  Slattery  machine. 

Alternator  C,  a  50  k.  w.  Thomson-Houston  machine,  both  of 
which  are  operated  by  a  300  h.  p.  cross-compound  Ball  and 
Wood  engine. 
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Alternator  D,  is  a  100  k.  w.  Slattery  machine,  driven  by  a  145 
H.  p.  Buckeye  engine. 

Alternator  E,  is  also  a  100  k.  w.  Slattery  machine  and  is  driven 
by  a  145  h.  p.  Buckeye  engine. 

Alternator  F,  is  a  150  k  .w.  compound  Wood  machine  and  is 
driven  by  a  800  h.  p.  Ide  engine. 

As  the  diagram  indicates,  all  of  the  alternators  are  belted, 
solid  leather  belts  being  used.  Their  exciters  are  supported  on 
separate  bases,  and  are  belted  to  pulleys  placed  on  the  collector 
ends  of  the  shafts  of  the  alternators. 

Thk  Tests. 

The  tests  that  were  made  upon  the  station  took  place  during 
the  last  week  in  August,  and  the  first  week  in  September,  1895. 

In  planning  for  the  tests  7io  effort  wcut  made  tx)  imprave  the 
condition  of  the  plunt  in  amj  renpecU  The  engines  and  other 
machines  were  operated  just  as  they  had  been  running  during 
the  months  previous,  and  absolutely  no  modifications  were  made 
in  the  metliods  of  adjusting  the  load  to  the  various  units,  in  the 
way  in  which  the  boiler  plant  was  handled,  or  in  the  usual  con- 
trol of  the  water  and  coal  supply;  except  on  Sept.  1st  and  2nd 
as  explained  later.  The  station  employees  were  in  no  wise 
instructed  to  modify  their  habitual  practice,  and  they  were  at  all 
times  left  perfectly  free  to  perform  their  accustomed  duties. 

In  carrying  out  the  details  of  the  tests,  in  the  construction  of 
additional  apparatus,  the  c^ilibration  of  instruments  and  the  fit- 
ting and  adjustment  of  the  same,  in  fact,  for  the  perfection  of 
all  the  varied  requirements  of  so  large  an  undertaking,  compe- 
tent extra  help  was  employed. 

Every  effort  was  made  to  have  each  detail  of  the  general  plan 
accurately  outlined,  worked  up  and  perfected.  For  the  measure- 
ment of  the  water  supply  a  large  weir  was  built  on  the  north- 
east corner  of  the  boiler  room  roof  almost  directly  over  the  1500 
H.  p.  feed  water  heater.  Measurements  were  taken  of  the  water 
level  in  the  weir  at  5  minute  intervals  throughout  the  entire 
period  of  the  tests  with  a  Boy  den  hook  gauge,  and  a  continuous 
record  was  also  obtained  with  a  very  sensitively  adjusted  chrono- 
graph. As  a  check  upon  these  readings,  the  water-meter, 
through  which  all  the  water  passed  that  entered  the  station, 
was  read  at  15-minute  intervals.  Furthermore  everv  w^ater  con- 
nection,  through  which  leakage  (^ould  possibly  occur,  was  tested, 
and  made  water  tight  if  found  imperfect. 
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In  figuring  up  the  amount  of  water  that  was  supplied  to  the 
boilers,  the  levels  shown  by  the  hook  gauge  and  the  chronograph 
records  were  checked  against  one  another,  and  the  chronograph 
records  were  all  integrated  with  an  Amsler  planimet^r.  The 
results  that  were  obtained  in  this  way  were  then  compared 
grapliically  with  tlie  water  meter  readings.  The  weir  and  water 
meter  curves  follow  one  another  quite  closely,  and  show  that  up 
to  the  rate  of  flow  of  2200  pounds  of  water  per  hour  the  water 
meter  registers  lefis  than  the  true  amount  of  water,  but  that  over 
that  rate  it  measures  ma7'e  than  the  true  amount  of  water. 

The  scales  used  in  measuring  the  coal  were  made  by  Fair- 
banks, and  their  accuracy  was  assured  by  testing  tliem  with  a 
block  of  iron,  the  weight  of  which  had  j)reviously  been  ascer- 
tained on  the  standard  scales  at  the  United  States  Sub-lreasury. 

Each  barrow  of  coal  was  passed  over  the  scales  and  balanced 
accurately  for  400  pounds  of  coal  before  being  carried  into  the 
station. 

All  the  steam  gauges  used  in  connection  with  the  tests,  were 
standardized  by  comparing  them  with  a  vew  Thomson  and  Robert- 
son gauge  testing  set.  The  thermometers  used  in  making  calo- 
rimetric  tests  of  the  (luality  of  the  steam  had  been  calibrated 
previous  to  the  tests  and  were  calibrated  again  immediately  after 
the  tests.  These  calibrations  were  found  to  correspond.  The 
calorimeters  used  were  three  carefully  constructed  throttling 
calorimeters  and  one  Car])enter  separating  calorimeter.  The 
pyrometer  used  in  measuring  the  temperature  of  the  flue  gases 
was  calibrated  by  inserting  it  into  a  steam  pipe  and  comparing  its 
readings  with  determinations  made  of  the  temperature  of  the 
steam  from  the  readings  of  two  calibrated  gauges  connected  to 
the  same  steam  pipe.  During  the  tests,  each  steam  cylinder  of 
the  engines  and  the  pump  was  ecjuipped  with  a  steam  indicator, 
and  proper  indicator  riggings  were  fitted  up  to  ensure  the  accu- 
racy of  the  cards  taken.  Engines  Nos.  1,  5,  7  and  8  were 
equipped  with  two-way  cocks  in  connection  with  the  indicator 
fittings,  but  on  the  other  engines,  valves  placed  on  either  side  of 
the  indicator  had  to  be  relied  upon  when  taking  cards  from  the 
opposite  ends  of  the  cylinders. 

The  speed  of  each  of  the  engines  was  taken  every  15  minutes 
with  the  usual  form  of  Starrett  hand  speed  indicator.  The  speed 
of  engine  No.  1  was  always  taken  at  the  time  the  indicator  cards 
were  made,  and  the  spee^ls   of  the  other  engines  immediately 
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thereafter.  This  method  is  not  so  exact- as  that  of  using  tach- 
ometers or  constant  speed  counters,  but  owing  to  the  fact  that 
there  were  no  stidden  changes  in  the  load  on  any  of  the  engines, 
tlie  plan  adopted  was  considered  sufficiently  accurate. 

Testing  InMruments, — For  taking  the  record  of  the  output  of 
the  arc  dynamos  quite  an  amount  of  special  wiring  was  necessary. 
Three  standard  high  range  Weston  voltmeters  were  available  for 
determining  voltage  readings.  Three  tables  were  therefore  con- 
structed with  a  double  row  of  mercury  contacts  arranged 
along  one  side  of  the  top.  Th€t  tables  were  nailed  to  the 
floor  and  connections  made  between  the  terminals  of  each  of 
the  arc  machines  and  a  pair  of  the  mercury  contacts.  One  of  the 
standard  voltmeters  was  placed  on  each  table,  and  was  used  to 
take  the  voltage  readings  of  the  machines  connected  to  that  table 
by  successively  inserting  a  flexible  insulated  connector  into  the 
mercury  contacts. 

As  it  was  impossible  to  provide  ammeters  for  all  the  arc  cir- 
cuits, one  standard  Weston  direct  current  ammeter  was  used  for 
testing  all  of  them.  A  test  was  made  of  all  the  circuits  every  15 
minutes  during  the  five  minutes  immediately  preceding  the  time 
for  taking  the  general  station  readings.  It  was  found  that  the 
currents  remained  practically  constant  as  the  loads  were  subject 
to  only  slight  variations. 

The  voltmeters  and  alternating  current  indicators  employed  on 
the  alternator  circuits  are  of  the  older  types  supplied  by  the  ma- 
kers of  the  machinery,  but  the  ammeters  on  the  distributing 
mains  are  of  the  most  improved  Wood  pattern.  Wirt 
lightning  arresters  are  used  on  all  the  distributing  circuits. 
'  The  arrangement  of  the  switchboard  connections  is  such  that 
it  is  possible  to  connect  any  one  alternator  to  only  about  half  of 
the  distributing  circuits  at  any  one  time.  The  changing  of  a  cir- 
cuit from  one  alternator  to  another  is  effected  by  the  manipula- 
tion of  a  series  of  double-throw  switches,  which  when  placed  in 
a  certain  order  to  bring  a  proper  load  on  one  alternator,  may  pre- 
vent the  completion  of  the  combination  of  connections  that  would 
be  most  advantageous  in  loading  some  other  machine.  The  viv 
strictions  imposed  by  the  switchboard  have  the  effect  at  times  of 
causing  the  o[)eration  of  a  dynamo  which  could  be  dispensed 
with  were  a  thoroughly  flexible  system  of  switchboard  connec- 
tions provided.  The  remodelling  of  the  board  would  in  fact 
greatly  facilitate  the  economical  operation  of  this  portion  of  the 
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station,  and  would  result  in  apconsiderable  saving  in  tbe  operating 
expenses.  This  point  is  well  brought  out  in  the  tests  made  upon 
the  plant. 

In  this  station  each  alternator  is  operated  entirely  indepen- 
dent of  any  other,  L  e,,  parallel  working  of  tbe  machines  is  not 
attempted. 

(Mihratian  of  IwstrumenU. — To  ensure  the  thorough  relia- 
bility of  the  readings  of  tbe  electrical  switcliboard  instruments 
they  were  all  carefully  calibrated  by  comparing  them  with  stan- 
dard Weston  instruments  obtained  esi>ecially  for  this  purpose 
direct  from  the  Weston  Electrical  Instrument  Company. 

The  calibration  of  the  switchboard  voltmeters  was  effected  by 
connecting  a  standard  110- volt  Weston  alternating  and  direct  cur- 
rent voltmeter,  and  a  multiplying  coil  that  multiplied  its  readings 
by  10,  directly  across  the  1,000-volt  mains  and  comparing  its 
readings  with  the  readings  of  the  switchboard  instrument  under- 
going calibration.  The  switchboard  instruments  were  not  re- 
moved from  their  normal  positions  or  their  connections  disturbed 
in  the  least,  the  variations  in  the  voltage  between  the  leads  to 
which  the  instruments  were  attached  being  produced  by  chang 
ing  the  field  excitation  of  the  respective  dynamos  to  which  they 
were  connected. 

The  calibrations  of  the  switchboard  ammeters  were  effected  by 
employing  an  indirect,  though  perfectly  successful,  method.  A 
large  non-inductive  resistance  was  constructed  by  stretching  a 
quantity  of  No.  17  B.  &  S.  gauge  german  silver  wire  on  a  num- 
ber of  12- foot  boards  by  passing  it  around  porcelain  insulators 
screwed  to  the  boards.  These  resistances  were  then  connected 
to  an  old  arc  light  switchboard  so  that  any  number  of  them  could 
be  connected  either  in  series  or  in  parallel  as  the  cAse  might  re- 
quire. A  switch  was  fixed  so  that  the  arc  switchboard  with  the 
resistances  could  be  short-circuited  when  not  in  use.  The  lead 
that  connected  the  ammeter  to  be  tested  with  its  dynamo  was 
disconnected  and  led  to  one  side  of  the  arc  switchboard  just  de- 
scribed. After  being  made  to  pass  through  the  non-inductive  re- 
sistance of  the  board,  the  circuit  was  then  connected  to  the  current 
terminals  of  a  standard  Weston  wattmeter.  From  the  other  cur- 
rent terminal  of  the  wattmeter  the  circuit  was  connected  to  the 
ammeter  to  be  tested.  The  ammeter  was  in  this  way  placed  in 
series  with  the  non-inductive  resistance  and  the  current  coil  of 
the  wattmeter.     The  voltage  terminals  of  the   wattmeter  were 
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connected  as  a  shunt  around  the  non-inductive  resistance,  and  a 
standard  Weston  voltmeter  was  arranged  to  measure  the  fall  of 
potential  through  the  non-inductive  resistance,  i.  «.,  it  was  also 
shunted  around  the  resistance.  In  this  way  means  were  provided 
for  meiisuring  the  power  absorbed  in  the  resistance  by  the  watt- 
meter, and  by  dividing  the  wattmeter  reading  by  the  reading  of 
the  standard  voltmeter  the  current  flowing  through  the  resistance 
and  therefore  through  the  switchboard  ammeter  tested,  could  be 
determined.  By  varyihg  the  load  on  the  alternators  the  current 
readings  of  the  ammeters  were  varied  over  the  working  range  of 
the  respective  machines,  and  the  readings  of  the  ammeters  were 
then  compared  with  the  determinations  of  the  true  values  of  the 
currents  made  as  described  above. 

The  calibration  tests  indicated  that  the  instruments  were  not 
very  far  out,  and  but  a  slight  correction  in  the  results  recorded 
during  the  tests  was  necessary.  The  necessary  correction  was 
made  in  every  case. 

Determination  of  Power  Factors, — On  transformer  circuits 
the  power  factor  is  not  a  constant,  as  the  inductance  of  the  line 
varies  with  the  number  of  incandescent  lamps  that  are  turned 
on.  Under  ordinary  circumstances,  however,  the  power  factor 
for  any  given  circuit  will  be  very  nearly  a  constant  for  any  given 
load  on  the  circuit,  whatever  be  the  distribution  of  the  load  be- 
tween the  several  secondary  circuits  supplied  ;  it  is  therefore 
possible  to  plot  a  curve  showing  the  relation  of  the  apparent 
power  to  the  real  power  for  all  loads  for  any  given  circuit,  and 
having  once  obtained  this  curve  the  real  power  can  always  be 
obtained  from  the  apparent  power  by  reference  to  it. 

As  the  standard  Weston  wattmeter  already  referred  to  was 
obtained  on  the  4th  of  September,  and  all  tests  had  to  be  coui- 
pleted  before  the  8th  of  September,  it  was  impossible  to  deter- 
mine the  power  factors  for  each  of  the  circuits.  It  was  possible 
however,  to  make  these  determinations  collectively  for  tlie 
several  circuits  supplied  by  "a"  and  '*f"  alternators  duruig 
their  all-day  runs  on  September  6th  and  7th  respectively,  and 
from  the  results  so  obtained  a  very  fair  estimate  of  the  power 
factors  that  should  be  used  for  the  tests  has  been  arrived  at. 

The  power  factor  varies  between  88.2  and  99.G  per  cent., 
with  the  majority  of  the  points  falling  at  about  91  per  cent. 

These  results  are  for  the  day  load.  After  carefully  review- 
ing the  results  of  both  of  the  tests  of  the  incandescent  plant,  and 
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making  numerous  comparisons,  it  was  decided  to  use  the  power 
curve  for  all  determinations  of  the  real  jyower  developed  by  the 
several  alternators,  between  7  A.M.  and  6  P.M., and  12  P.  M., 
and  7  A.  M.,  on  each  day  on  which  tests  were  made,  but  between 
f>  P.  M.  and  12  P.  M.  a  factor  of  100 per  cent,  was  used  for  all 
circuits.  This  course  was  followed,  since  between  6  P.  M.  and 
12  P.  M.,  the  load  on  the  station  is  very  heavy  and  therefore  all 
the  factors  very  high. 

Any  error  that  may  be  introduced  by  this  procedure  is  slight 
at  most,  as  the  uniformity  of  the  efficiencies  obtained  during  the 
day  and  night  runs  plainly  indicates. 

Duration  of  Tests. 

The  first  test  began  at  7  A.  M.  on  August  Slst  and  continued 
until  7  A.M.  on  September  1st.  During  this  time  measurements 
were  taken,  as  already  described,  on  all  the  machinery  and  boilers 
operated  in  the  station.  During  the  hours  of  the  heavy  load, 
between  6  P.  M.  and  midnight,  41  men  were  employed  in  taking 
readings. 

The  second  test  began  at  5:45  P.  M.  on  September  1st,  and  con- 
tinued till  5  A.  M.  on  September  2nd.  This  test  was  made  to 
determine  the  efficiency  of  engine  No.  1  and  boilers  Nos.  T),  7 
and  8.  It  was  made  on  Sunday  night,  because,  owing  to  the  ar- 
rangement of  the  steam  piping  and  the  large  load  on  the  station 
at  other  times  during  the  week,  the  necessary  adjustment  of  the 
boiler  plant  could  only  be  effected  at  this  time.  For  this  test  24 
men  were  employed. 

The  third  test  began  at  7  A.  M.  on  September  7th  and  ended  at 
7  A.  M.  on  September  8th.  It  was  carried  out  in  all  respects  like 
the  first  test.  The  maximum  number  of  men  engaged  in  taking 
readings  at  any  one  time  on  this  day  was  42. 

Each  of  the  tests  was  thoroughly  successful,  and  although  a 
very  severe  storm  raged  during  the  afternoon  of  August  3l8t, 
the  test  made  on  tJmt  day  was  not  seriously  interfered  with.  On 
the  contrary,  the  men  showed  remarkable  coolness  in  carrying 
on  their  work  quietly  and  in  an  orderly  manner  in  the  face  of 
considerable  danger. 

The  plan  adopted  for  recording  the  results  was  to  take  simul- 
taneous readings  every  15  minutes  from  all  the  instruments,  etc., 
at  a  signal  given  by  blowing  a  steam  whistle  in  the  engine  room. 
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The  Boilkr  Tests. 

The  RoiLern  : — The  boiler  plant  of  the  station  is  composed  of 
four  batteries  of  two  boilers  each,  and  one  odd  boiler.  They 
are  all  of  the  water  tube  type  and  of  the  same  general  design,  as 
they  were  built  by  the  same  company,  but  on  account  of  having 
been  placed  in  the  station  at  different  times,  they  differ  some- 
what from  one  another  in  the  minor  details  of  their  construction. 

The  data  on  the  dimensions  and  capacity  of  the  boilers  that 
are  given  in  table  I  were  obtained  from  the  representatives  of 
the  Campbell  and  Zell  Company,  the  makers  of  the  boilers,  and 
they  have  been  checked  up  with  the  drawings  from  which  the 
boilers  were  made  and  by  measurement*  taken  in  the  boiler 
room. 

Boiler  No.  1  was  the  first  to  be  placed  in  the  station ;  it  is  a 
double  boiler  and  is  rat€d  bv  the  builders,  as  a  250  ii.  p.  boiler. 
The  present  practice  of  the  builders,  as  stated  on  page  51)  of 
their  catalogue,  is  to  rate  their  boilers  on  the  basis  of  "11^ 
square  feet  of  heating  surface  in  the  water  tubes  alone,"  per 
horse  power.  If  this  method  of  determining  the  capacity  of 
boiler  No.  1  is  followed,  its  rated  capacity  figures  out  to  be  I8f>.5 
horse  power.  (See  item  34,  table  1.) 

Boilers  Nos.  2,  3,  4  and  5  occupy  space  on  the  west  side  of  the 
boiler  room  and  form  batteries  2  and  3.  They  were  placed  in 
position  some  time  after  boiler  No.  1,  and  are  of  a  more  recent 
design.  Their  capacity  by  the  original  builders  rating  is  125 
H.  p.  per  boiler,  and  on  the  basis  of  "11.5  square  feet  of  heating 
surfa<;e  in  the  tubes  alone,"  it  is  H1.2  n,  p.  per  boiler. 

Boilers  Nos.  G,  7,  8  and  9  are  of  (juite  recent  design.  The 
builders  rate  them  at  250  n.  p.  each,  but  their  capacity  figured  on 
the  11.5  square  feet  of  heating  surface  basis  is  242.0  h.  p.  per 
boiler. 

Summing  up  we  find  that  the  total  rated  capacity  of  the  boiler 
plant  is  1750  h.  p.,  or  1401.7  h.  p.  when  figured  on  the 
basis  of  11.5  square  feet  of  heating  surface  i>er  horse  power, 
in  th^c  tubes  (done. 

On  the  mornings  of  each  of  the  days  on  which  the  tests  were 
made,  the  fires  under  boilers  6,  7,  8  and  9  were  burning  bright? 
were  clean  and  all  the  ashes  had  been  removed  from  the  ash  pit^j. 

The  ashes  that  accumulated  during  the  24  hours'  run  were 
carefully  weighed  before  being  wet,  and  the  fires  burning  at  the 
end  of  the  tests  were  left  as  nearly  as  possible  in  the  same  condi- 
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tion  as  were  those  which  were  burning  when  the  teste  began. 
In  determining  the  moisture  in  the  coal,  samples  were  selected 
from  the  coal  yard  and  dried. 

In  determining  the  moisture  in  the  coal  used  Aug.  8l8t,  ac 
count  had  to  be  taken  of  the  fact  that  there  was  a  heavy  rain  fall 
in  the  afternoon.     In  view  of  the  fact  however,  that  another  de- 
termination was  made  of  the  moisture  in  the  coal  on  the  next  day, 

TABLE  I. 


Boiler. 

Batteries. 

Batterie!>. 

No.  1. 

No.  1  and  No.  s. 

No.  3  and  No.  4. 

Designation  of  the  Boilers  by  the 

Edison  Elec.  lUntninsting  Co.  ... 

No.  I. 

Boilers  3, 

3,  4  and  5. 

Boilers  6, 

7,  8  and  9. 

I.     Length  of  tubes 

16' 

14' 

a 

14' 

18' 

18' 

3.    Tubes  per  section 

4 

a 

4 

4 

3.     No.  of  sections       

3» 

24 

24 

37 

37 

4.     Total  No.  of  tubes,  per  boiler.. 

128 

48 

48 

148 

148 

5.     Diameter  of  tubes 

4 

• 

4 

4* 

• 

4 

4' 

6.    Length  of  water  drum^ 

18' 

16' 

16' 

so' 

3C' 

7.  No.        »•           ••            

8.  Diameter  of  water  drums  . . 

4 

I 

I 

3 

3 

18- 

18' 

i8- 

30" 

30' 

Q.    Sq.  ft.  heating  surface  per  tube. 

16.753 

14.658 

14.658 

18.846 

18.846 

10.  "      •'        *•            "         "    sect 

67.008 

29.3x6 

39.316 

73-384 

7*384 

II.  Total  sq.  ft.  heating  surface  in 

tubes        

31443 
75-74 

703-58 
67.34 

703-58 
67-34 

3789.3 
159.73 

3789.3 

13.  Sq.  ft.  heating  surface  per  drum 

139.73 

t^.  Total  sq.  ft  heating  surface  in 

drums 

303.96 

67-34 

67.34 

279.44 

27944 

14.  Total  sq.  ft.  heating  surface. . . 

15.  Width  of  grate  surface  in  ins. . 

2447-3 

770.92 

770-92 

3068.6 

3o68.ft 

Z90 

47 

47 

00 

90 

16.  Length  of  grate  surface  in  ins. 

78 

72 

72 

84 

84 

17.  Area  of  grate  surface  in  sq.  ft. . 

65 

23.52 

23.52 

52.5 

52.5 

18.  Ratio  heating  to  grate  surface. 

37.65 

32.77 

32.77 

58.43 

58.4* 

19.  Ratio  heating  to  super-heatmg 

surface 

90.  Snper.heating  surface        .    . 

21.  Length  of  tubes,  inches 

156 

138* 

.38; 

»77.5 

•77.5 

33.  No.  of  tub^ 

16 

6* 

6* 

13 

13 

33.  Diameter  of  tube.«( 

• 

4 

4* 

4* 

4' 

4' 

34.  Sq.  ft.  beating  surface  per  tube. 

11.53 

13.03* 

12.03* 

I5.4»9 

»5-479 

35.  Total  heating  surface  sq.  ft.  . . 

184.33 

73.18* 

73.18* 

185.75 

>85.75 

H.  Areacvl.  one  water  drum  sq.  ft. 
37.  Super-iieating  area  one  water 

84.18 

7536 

75-36 

157.08 

157.08 

drum  sq.  ft 

9.04 

8.02 

8.03 

17.36 

«7.36 

38.  Total  for  water  drums  sq.  ft. . . 

36.16 

8.03 

8. 03 

34.72 

34.72 

39.  Length  of  steam  drum,  inches. 

I30 

47 

47 

90 

90 

30.  Diam.  of  steam  drum,  inches. . 

42 

31.  Area  of  cylinder  of  steam  drum 

42* 

43* 

42 

42 

«l-  ft 

TO9.96 

43.1 

43-1 

83.47 

83.47 

33.  Total  super-heating  surface... . 

330.44 

>23-3 

««3-3 

303.94 

302.94 

13.  Horse-power  allowmg  11. 5  sq. 

ft.  of  heating  surface  per  11.  p. 

in  tubes  alone 

186.5 

61.3 

6z.3 

343.6 

343.6 

)4.  Horse-power  allowing  11.5  sq. 

ft.  of  heating  surface  per  h.  p. 

in  tubes  and  rirnms        

313.8 

67.02 

67.03 

367. 

367. 

35.  Rated  horse-power  of  boilers. . 

350. 

"5. 

135. 

350. 

350. 

*No  positive  data — approximated.     Data  is  given  per  boiler. 

it  was  possible  to  approximate  the  true  percentage  of  moisture 
for  the  whole  test  with  a  considerable  degree  of  accuracy. 

The  engineer's  and  the  assistant  engineer's  reports  show  that 
the  same  firemen  were  on  duty  during  the  same  hours  on  Aug. 
31  and  on  Sept.  7.  So  that  the  results  of  the  two  day's  tests  are  as 
thoroughly  comparable  from  this  stand-point  as  from  any  other. 
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T/ie  HoU^r  Test  of  Awjiist  ^Ist: — Tliis  tost  be^n  at  1  o'clock 
OH  the  iiioniing  of  August  3l8t  and  ended  just  24  lioura  later. 
During  tliie  time  tlie  station  wax  operated  According  to  the  usual 
<laily  Eciiedule  and  no  attempt  was  made  to  modify  or  better  the 
usual  conditions  in  any  way. 

The  log  of  the  boiler  tost  in  exhibited  graphically  in  Fig,  1. 
Table  2  contains  the  data  and  calculated  results  upon  which 
the  report  of  the  boiler  teat  given  in  table  4,  column  1,  is  largely 
Itased,  and  it  explains  the  method  used  for  determining  the  true 
average  grate  surface,  heating  surface  and  liorse  power  rating  of 
the  Iwiters.     Such  a  process  had  to  be  resorted  to  in  view  of  the 
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fact  that  all  of  the  boilers  were  not  in  service  all  of   tlie  time. 

All  of  them  were  in  service  some  of  the  time,  and  some  of 
them  were  in  service  all  of  the  time. 

lu  view  of  the  fact  that  gi'cat  care  was  taken  during  the  trial 
to  liave  the  coal  and  water  supplied  to  the  boilers  in  just  the  pro- 
portions that  were  nececaary  to  meet  the  demands  made  upon  the 
boilers  by  the  engines,  it  has  been  thought  advisable  to  work  up 
the  data  of  the  boiler  trial  over  the  portions  of  time  during 
which  certain  of  the  boilers  were  in  continuous  service, 
in  order  that  an  estimate  might  be  gained  of  the  relative  evapo- 
rative efficiency  of  the  different  batteries. 
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In  column  3  of  table  4  are  presented  the  results  of  the  boiler 
trial  between  7  A.M.  and  1  P.M.  on  Ang.  31.  During  this 
time  boilers  6,  7,  8  and  9  were  continuously  in  service  and 
operated  alone. 

In  column  5  of  table  4  are  presented  the  results  of  the  boiler 
trial  between  3  P.M.  of  August  31st  and  1  A.  M.  of  September 
Ist.  During  this  time  the  entire  boiler  plant  was  in  continuous 
service. 

In  column  7  of  table  4  the  results  of  the  boiler  trial  during  the 
hours  of  the  heavy  load,  between  7  P.  M.  and  midnight  of  Aug. 
31  are  given. 

These  results,  when  studied  in  connection  with  those  of  the 
trial  of  Sept.  7,  reveal  much  valuable  information  regarding  the 
efficiency  of  the  boilers  as  well  as  the  most  economical  methods 
to  be  employed  in  operating  the  boiler  plant. 

The  Boiler  Teat  of  Sept  7th.:— The  boiler  test  of  Sept.  7th 
was  similar  in  all  its  details  to  the  tests  made  on  Aug.  31. 

The  records  of  the  test  are  contained  in  tables  3  and  4.  By 
comparing  the  data  in  tables  2  and  3  it  will  be  found  that  the 
boilers  were  cut  in  and  out  on  Sept.  7,  at  almost  the  same  hours 
as  the  same  boilers  were  cut  in  and  out  on  Aug.  31.  P^or  example 
the  trials  were  commenced  on  both  days  with  boilers  6,  7,  8  and 
0  in  service ;  at  about  2:20  P.  M.,  boilers  1,  2,  3,  4  and  5  were 
cut  in  and  from  that  time  on  till  1:45  A.  M.  of  the  second  day 
of  each  test,  none  of  the  boilers  were  cut  out.  This  fact  has 
made  it  possible  to  report  the  trials  in  precisely  the  same  man- 
ner. The  general  report  for  the  entire  24  hours  is  given  in 
table  4,  column  2.  The  results  here  recorded  are  based  upon 
boiler  log  and  the  average  square  feet  of  grate  surface,  water 
heating  surface  and  horse  power  rating  that  are  given  in  table  3. 
The  "  average  rated  horse  power  "  is  based  upon  the  basis  of  the 
builders  horsepower  rating,  and  the  "average  real  horse  power" 
is  determined  upon  the  basis  of  11.5  square  feet  of  heating  sur- 
face in  the  boiler  tubes  being. the  equivalent  of  one  horse  power. 
This  explanation  also  applies  to  items  44 — 44.5—45  and  45.5  of 
the  boiler  reports. 

A  report  on  the  trial  of  boilers,  6,  7,  8  and  9  between  the 
hours  of  7  A.  M.  and  1  P.  M.  of  Sept.  7  is  set  forth  in  column 
4  of  table  4.  During  this  time  the  boilers  mentioned  were  the 
only  ones  in  service. 
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In  column  d  of  table  4  the  resalte  contained  in  the  boiler  log 
hetweeo  the  houre  of  3  P.  M.  6ept.  7,  and  1  A.  M,  Sept.  S.  are 
f^ren  in  the  fonn  of  a  report  on  a  test  of  all  the  boilere  in  the 
Ntation  operating  at  one  time,  and  in  column  S  a  dmilar  record  ip 
reported  of  the  economy  of  the  plant  when  working  under  the 
heBTy  load  that  comes  on  the  ntation  between  7  P.  M.  and 
midnight. 

The  graphical  records  of  this  boiler  trial  are  prewnted  in  P'ig. 
3  and  for  the  value  of  the  compariBon  the  total  indicated  horse 
power  curve  is  plotted,  in  connection  with  the  curveE  that  per- 
tain purely  to  the  boiler  teste. 


Pro   8.— Pr»tt  Street  SUtion,  Graphical  Record,  Sept.  7,  1805. 

RkVIEW    of  the    IkllLER    TeSTS. 

An  the  tcntH  and  portions  of  tests  that  have  been  reported 
amount  to  nine  in  all,  and  require  a  table  containing  ten  columnf:, 
it  is  necessary  to  refer  to  the  tabulated  quantities  by  numberc. 

The  signification  of  the  numbers  is  a»  follows : 

1.  Number  o(  boilers  in  service. 

2.  Duration  ol  trial. 

S.    Boiler  |>rNttiire  by  gauge. 
13.     Temperature  ol  Bteam. 
It.     Teiii[>eratiiro  of  (eodwater  lenriiij;  heater. 
IS.B  Temperktute  of  tewlwater  entering  heater. 
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17.    Per  cent,  of  moisture  in  coal. 
19,    Per  cent,  of  refuse  in  coal. 
24.    Per  cent,  of  moisture  in  steam. 

31.    Water  actually  evaporated  per  pound  of  dry  coal,  from  actual  tempera- 
ture and  pressure. 

82.  Equivalent  water  evaporated  per  pound  of  dry  coal,  from  and  at  212 

degrees  Fah. 

83.  Equivalent  water  evaporated  per  pound  of  combustible  from  and  at  212 

degrees  Fah. 
85.     Dry  coal  actually  burned  per  sq.  ft.  of  grate  surface  per  hour. 
39.    Water  evaporated  from  and  at  212  degrees  Fah.  per  sq.  ft.  of  heating 

surface  per  hour. 

43.  Commercial  horse  power. 

44.  Horse  power  by  builder's  rating. 

44.6  Horse  power  on  a  basis  of  11.6  sq.  ft.  of  heating  surface  in  the  tubes  per 
horse  power. 

45.  Per  cent,  of  item  43  below  item  44. 
45.5  Per  cent,  of  item  48  below  item  44.5. 

TABLE  4. 

BOILER    TEST    DATA. 


o 

1 

9 

3 

4 

5 

6 

7 

8 

9 

Number 

7  A.  M. 

Aug.  31, 
to 

7  A.M. 

Sept.  7, 
to 

7  A.M. 

Auf.  31, 
to 

7  A.  M. 

Sept.  7, 
to 

3  P.  M. 

Aug.  31, 
to 

3  P.  M. 

Sept.  7, 
to 

7  P.  M. 

Aug.  31, 
to 

7  P.M. 

Sept.  7. 
to 

6  P.  M. 

Sept.  I, 
to 

7  A.M. 

sept.  1. 

7  A.M. 

Z  p.  M. 

I  F.  M. 

I  A.  M. 

I  A.  M. 

5  A.M. 

Sept.  a. 

Sept.  8. 

Aug.  31. 

Sept.  7. 

Sept.  I. 

Sept.  8. 

12  M.M. 

12  M.M. 

1 

j    All 
1     Til 

.AT     » 

ims.    f 

J  6,    7 
1    and 

,    8^ 

9.   S 

1  6,  7, 

»  4.  5.  (. 

8,  9.  * 

♦  >.  2.  3 

^    6,7» 

.  4f  5.  i 

8.9.  ( 

(  and  8.  ) 

9 

•4 

»4 

6 

6 

10 

10 

5 

5 

II 

7 

126 

«34 

"7 

136 

127 

X35 

126 

«35 

126 

«3 

353 

357 

352 

357 

354 

357 

353 

358 

353 

«5 

»oo 

200 

207 

200 

205 

aoo 

206 

900 

191 

«5-5 

l\:l 

70.5^ 

7«-4 

70.8 

7»-3 

70.  s 

7«.3 

70.0 

7«-4 

»7 

6.26 

3.« 

6.26 

13.8 

6.t6 

13.8 

6.26 

3.« 

«9 

":l 

10. 

10.4 

10. 

10.4 

10. 

10.4 

10. 

10.5 

•4 

.97 

-•7« 

.83 

.90 

1.04 

•  95 

.91 

.87 

3« 

7.18 

7.04 

8.33 

5.80 

7.23 

6.48 
6.86 

7.88 

7.40 

10. 1 

3» 

7.59 

7.46 

8.87 

6.,5 

7.77 

8.34 

7.84 

10.7 

.43 

8.3« 

8.29 

9.90 

6.83 

8.77 

7.62 

9.3« 

8.71 

12.0 

35 

10.4 

10.5 

9.53 

II. 6 

10.8 

12.9 

12.5 

13.8 

11.4 

39 

«.S3 

«.54 

1.46 

1.22 

1.79 

1.73 

9. If 

2.24 

2.09 

43 

655 

654 

5«5 

430 

900 

895 

II16 

II58 

5*7 

44 

\\n 

1359 

IOOl> 

IO(X> 

1750 

17.50 

1750 

1750 

750 

44-5 

"47 

970 

970 

1402 

14.02 

1402 

1402 

728 

45 

St. 7 

51.8 

48.5 

56.6 

48.5 

49'0 

36.2 

33.8 

25-7 

45  5 

43.8 

43.9 

46.9 

55. « 

35-7 

36.1 

20.5 

«7.S 

25.4 

The  quality  of  the  coal  tired  to  the  boilers  during  the  tests 
was  only  fair,  and  as  shown  in  item  19,  contained  quite  an 
amount  of  ash  and  other  refuse.  The  coal  was  soft  and  a  great 
deal  of  it  very  fine,  and  it  crumbled  to  pieces  under  very  slight 
pressure.  Altogether  I  should  say  that  its  quality  was  considera- 
bly below  the  average  of  the  coal  that  is  mined  at  George's 
Greek,  western  Maryland,  the  point  from  which  the  coal  in 
question  was  obtained. 
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NeTerthetew  the  eTaporatire  efficiency  of  the  plant  is  vary 
fair.  Item  31  shows  that  the  evaporation  per  pound  of  coal  v»- 
ried  from  7.04  to  10.1  pounds  of  water  under  actual  conditions, 
and  the  equivalent  evaporation  from  and  at  218°  F.  varied  from 
8.39  to  12  pounds  of  water  per  pound  of  combustible  kb  stated  in 
item  33.  The  fluctuation  in  these  values  is  due  partly  to  the  fact 
that  some  of  the  Iioilers  are  more  efficient  than  others,  but  the 
most  potent  factor  in  the  reduction  of  the  economy  is  the  ineffi- 
cieut  loading  of  the  plant. 

Daring  the  greater  portion  of  the  time  the  boilers  were  not 
developing  60  per  cent,  of  their  capacity  baaed  upon  11.5  square 
feet  of  heating  surface  in  the  tubes  per  horse-power,  and  at 


Via.  8.— Pratt  Strpet  SUIion,  Economj  Record,  Ang.  81,  Sept.  1,  18M. 
other  times  they  were  not  developing  half  of  their  capacity. 
ThiH  statement  is  equivalent  to  saying  that  during  a  considerable 
portion  of  the  test  a  good  share  of  the  heat  of  the  furnaces  was 
used  up  in  heating  the  iron  frame  work  and  the  walls,  instead  of 
being  utilized  in  evaporating  water  into  steam. 

To  illustrate  this  condition  of  affairs  more  clearly,  an  economy 
record  lias  been  plotted  in  Figs  3  and  4.  These  plates  show  tlie 
relative  amount  of  coal,  water  and  square  feet  of  heating  surface 
in  the  boilers  per  indicated  horse-power.  The  "  heating  surface  " 
curves  are  the  ones  to  which  I  would  call  your  attention  at  pres- 
ent.   It  will  be  noticed  that  up  to  2  o'clock  in  the  afternoon  of 
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each  day  tJiere  was  an  average  of  over  22  aqnare  feet  of  heating 
aurface  iu  the  part  of  boiler  plant  in  active  operation  to  each  in- 
dicated horse-power  developed  by  the  engines.  Between  two 
o'clock  and  six  o'clock,  the  ratio  of  heating  surface  to  horse- 
power ifi  increased  to  29,  and  it  is  not  until  7  P.  M.  that  the  ratio 
falls  within  the  limits  of  economic  operation.  Between  7  P.  M. 
and  midnight  on  August  31,  the  boiler  plant  developed  within 
30  per  cent,  of  its  true  horse-power  and  as  a  result  the  economic 
evaporation  went  up  to  a  very  good  value — 9.3  pounds  of  water 
per  pound  of  combuatible.  The  same  result  was  apparent  during 
the  same  period  on  the  night  of  September  7,  and  olthougb  the 
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Pia.  4.— Pntt  Street  Stfltion.  Econom;  Record,  Sept.  7  and  8, 189S. 
evaporative  efficiency  is  not  apparently  ae  high,  it  is  well  above 
the  average  evaporative  efficiency  of  the  plant  for  the  whole  24 
hours.  In  considering  tlio  results  of  the  partial  testa  it  must  be 
borne  in  mind  that  they  are  not  absolute.  They  are  based  on  the 
assumption  that  the  water  and  coal  were  supplied  to  the  boilers 
in  just  the  proportion  necessary  to  meet  the  requirements  of  the 
load,  but  of  course  it  was  not  possible  to  do  this  with  absolute 
accuracy.  For  instance,  the  curves  in  Figs.  1  and  2  show  that 
proportionally  more  coal  and  less  water  were  supplied  to  the 
boilers  on  August  31  between  midnight  and  7  A.  M.,  than  during 
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the  same  hour8  on  September  7,  and  the  effect  of  this  is  to  re- 
duce the  apparent  evaporative  efficiency  of  the  boilerg  on  Sep- 
tember 7,  during  the  periods  covered  by  the  partial  reports. 
Xone  of  tlie  partial  reports  take  in  the  early  morning  hours. 

It  is  noticeable,  however,  that  the  efficiency  of  the  boilers  is 
relatively  lower  during  the  periods  when  the  average  heating 
surface  i>er  i.  h.  p.  is  high  than  at  other  times.  Between  3  P.  M. 
and  I  A.  A[.,  for  instance,  when  there  is  an  average  of  about  IG 
square  feet  of  heating  surface  per  i.  h.  p.,  the  boilers  only  de- 
velop M  per  cent,  of  their  capacity  and  only  evaporate  an  aver- 
age of  S.19  {)ound8  of  water  per  pound  of  combustible  (see  item 
33). 

Some  of  the  boilers  seem  from  the  results  to  be  less  efficient 
than  others.  In  bringing  out  this  point  let  us  compare  the  evap- 
orative efficiency  of  the  "  new  "  boilers  on  the  east  side  of  the 
station  with  that  of  the  '^  old  ^^  boilers  on  the  west  side  of  the 
station.  On  Se])tember  7,  between  7  A.  M.  and  1  P.  M.,  the 
"new"  boilers  were  the  only  ones  in  service.  By  item  45.5  they 
were  developing  only  44.8  per  cent,  of  their  capacity,  but  their 
evaporative  efficiency  per  pound  of  combustible  averaged  6.8 
pounds  of  water. 

On  the  morning  of  August  31,  the  same  boilers  evaporated 
9.9  pounds  of  water  per  pound  of  coal  when  loaded  to  only  53 
|)er  cent,  of  their  capacity,  and  on  the  night  of  the  special  test 
(see  column  9,  table  4)  they  evaporated  an  average  of 
12  pounds  of  water  per  pound  of  combustible  when  working  un- 
der a  load  of  less  than  75  per  cent,  of  their  capacity.  These 
figures  are  all  excellent  when  the  conditions  are  taken  into  con- 
sideration and  indicate  that  the  "  new "  boilers  are  highly  effi- 
cient. 

Now,  although  the  old  boilers  were  never  operated  alone,  and 
we  have  no  records  showing  their  absolute  evaporative  efficiency 
we  can  nevertheless  judge  of  their  economy  very  accurately  by 
noting  the  effect  they  have  upon  the  evaporative  efficiency  of  the 
plaFit  when  they  are  operated  in  connection  with  the  "new" 
boilers.  For  instance,  between  3  P.  M.  and  1  A.  M.  of  each  of 
the  24hour  tests  the  whole  plant  was  loaded  to  64  per  cent,  of 
its  capacity  and  it  evaporated  an  average  of  only  8.2  pounds  of 
water  per  pound  of  coal.  This  figure  does  not  begin  to  equal  the 
evaporation  of  the  "  new  "  boilers  when  operated  alone,  at  a  less 
percentage  of  their  capacity.     Again  the  whole  plant  even  when 
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operated  at  an  average  of  81  per  cent,  of  its  capacity  between  7 
P.  M.  and  midnight  did  not  reach  the  evaporative  efficiency  that 
the  "  new "  boilers  developed  on  the  morning  of  Aug;  31,  and 
did  not  come  within  17  per  cent,  of  the  evaporative  efficiency  of 
the  "  new  "  boilers  during  the  special  test,  although  they  were 
more  efficiently  loaded. 

It  seems  that  sufficient  evidence  has  been  produced  to  estab- 
lish the  assertions  that  the  evaporative  officdency  of  the  "  new  " 
boilers  is  good,  and  that  the  evaporative  efficiency  of  the  whole 
plant  is  only  fair.  This  means  that  there  is  a  disturbing  element 
present  somewhere  and  the  general  indications  are  that  the  de- 
fect lies  in  the  old  boilers.  It  would  not  be  surprising  to  find 
that  the  "  old"  boilers  will  not  evaporate  over  6.5  or  7  pounds 
of  water  per  pound  of  coal  even  under  the  most  favorable  con- 
ditions of  loading  and  when  fired  with  the  best  quality  of  coal. 
During  my  stay  at  the  plant,  I  several  times  had  my  attention 
called  to  the  fact  that  great  difficulty  was  often  experienced  in 
keeping  up  the  steam  pressure  in  the  "  old  "  boilers,  and  this  was 
expressly  noticeable  whenever  the  "new"  boilers  were  cut  out 
for  any  reason  and  the  "  old  "  had  to  be  depended  upon  to  fur- 
nish the  steam  supply. 

The  quality  of  the  steam  evaporated  by  the  boilers  remained 
fairly  constant.  At  no  time  during  any  of  the  tests  however  was 
the  slightest  trace  of  superheating  discernible.  The  smallest 
percentage  of  moisture  recorded  is  that  at  2  P.  M.  on  Sept.  7, 
when  only  .3  of  one  per  cent,  of  moisture  was  apparent.  The 
greatest  percentage  of  moisture  was  recorded  at  t>  A.  M.  on 
Sept.  7,  when  there  was  1.24  per  cent,  of  moisture  in  the  steam. 
On  the  whole  however,  the  percentage  of  moisture  is  low  and  it 
is  also  very  uniform  for  all  loads.  It  may  be  well  to  note  that 
the  pipe  condensation,  as  determined  by  collecting  and  weighing 
all  the  drainage  water  from  the  separators  and  steam  traps, 
proved  to  be  .505  of  one  per  cent,  of  the  total  water  actually 
evaporated  on  Aug.  31  ;  .31  of  one  per  cent,  of  the  water 
actually  evaporated  on  Sept.  7 ;  and  nearly  .5  of  one  per  cent, 
of  the  water  actually  evaporated  during  the  special  test.  These 
figures  represent  to  a  large  extent  the  proportion  of  the  entrained 
water  and  water  of  condensation  that  was  extracted  from  the 
steam  by  the  separators,  as  most  of  the  drainage  water  was  taken 
from  them,  and  it  is  safe  to  say  that  the  separators  extract  fully 
70  per  cent,  of  the  moisture  contained  in  the  steam,  from  the 


186  Q0LD8B0R0UQU  ON  STATION  TESTS,  [Apr.  27, 

steam.  This  leaves  the  steam  practically  dry  when  it  passes  the 
separators.  -The  average  of  about  2  per  cent,  of  moistare  that 
the  steam  in  the  steam  pipe  of  engine  No.  1,  was  found  to  con- 
tain on  the  night  of  the  special  test,  was  largely  due  to  there 
being  no  separator  between  the  engine  and  the  boilers. 

The  greatest  amount  of  coal  is  fired  to  the  boilers  on  both 
days  between  7  and  8  o'clock  in  the  evening  when  the  fires  are 
being  built  up  for  the  heavy  night  load.  At  this  time  the  coal 
is  supplied  at  the  rate  of  7500  pounds  per  hour.  On  this 
account  exception  may  be  taken  to  the  evaporative  efficiencies 
determined  for  the  boilers  between  7  P.  M.  and  midnight  on  the 
score  that  the  proportion  of  the  coal  fired  within  this  time  is  in 
excess  of  the  normal  requirements  of  the  boilers.  In  answer  to 
this  I  will  call  attention  to  the  fact  that  the  fires  were  about 
burnt  out  at  midnight,  as  the  coal  curves  of  Fig.  1  and  2  both 
show  that  the  rate  of  firing  had  to  be  increased  immediately 
after  midnight. 

The  rate  of  combustion  per  square  foot  of  grate  surface  con- 
forms to  the  practice  common  with  boilers  of  this  class.  The 
maximum  rate  maintained  was  13.8  pounds  on  September  7, 
during  the  heavy  night  run,  and  the  lowest  appears  to  have  been 
on  the  morning  of  August  31,  when  it  amounted  to  9.5  pounds. 
The  maximum  efficiency  of  the  boilers  will  probably  be  attained 
when  the  combustion  averages  between  12  and  13  pounds  of  coal 
per  square  foot  of  grate  surface  per  hour.  The  rate  of  com- 
bustion per  square  foot  of  heating  surface  is  also  rather  low  and 
plainly  indicates  that  even  during  the  heaviest  loads  the  limit  of 
economy  in  this  respect  was  not  reached  by  20  or  25  per  cent. 

Finally,  the  results  of  the  tests  demonstrate  the  fact  that  the 
daily  economy  of  the  station  would  be  greatly  improved  if  greater 
care  were  exercised  in  the  adjustment  of  the  capacity  of  the 
boilers  in  service  to  the  load.  Boilers  Nos.  6,  7,  8  and  9  will 
easily  and  economically  generate  an  actual  indicated  horse-power 
for  every  eight  square  feet  of  their  heating  surface.  This  will 
make  the  capacity  of  each  boiler,  relatively  to  the  demands  of 
the  engines,  equal  to  350  h.  p.,  and  will  represent  a  total  capacity 
equivalent  to  1,400  i.  h.  p.  If  the  requirements  of  the  load  had 
been  economically  met,  only  boilers  6  and  7  would  have  been 
operated  between  7  A.  M.  and  6  P.  M.  on  the  days  of  the  tests ; 
between  6  and  7,  boilers  Nos.  3,  4,  5,  8  and  9  would  have  been 
cut  in ;  between  11:30  P.  M.  and  12:30  A.  M.,  boilers  3,  4  and 
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5  would  have  been  cut  out,  and  between  12:30  A.  M.  and  1  A.  M. 
boilers  G  and  7  would  have  been  cut  out.  This  would  have  left 
boilers  8  and  9  in  service  to  carry  the  load  until  5  A.  M.  when 
one  of  them  could  have  been  cut  out  and  the  other  left  to  carry 
the  Sunday  load,  which  is  always  light.  Such  a  boiler  schedule 
would  have  entirely  eliminated  the  necessity  of  operating  the  en- 
tire plant  and  would  have  resulted  in  an  average  economic  evap- 
oration of  between  11  and  12  pounds  of  water  per  pound  of  coal. 

This  would  mean  a  saving  of  between  25  and  31  per  cent,  of 
the  coal  fired  into  the  boilers.  These  figures  are  based  on  the 
assumption  that  boilers  1,  2,  3,  4  and  5  will  evaporate  the  water 
for  one  indicated  horse-power  per  hour  from  each  11.5  square 
feet  of  their  heating  surface,  and  that  boilers  6,  7,  8  and  9  will 
evaporate  the  water  for  an  indicated  horse-power  per  hour  from 
each  eight  square  feet  of  its  heating  surface.  Under  these  con- 
ditions the  boilers  would  be  economically  loaded  and  capable  of 
developing  their  best  economy  in  consequence. 

If  we  compare  the  actual  economy  of  the  station  boiler  plant 
with  the  results  that  have  recently  been  published  by  the  Nati<mal 
Electric  Light  Association^  we  find  that  the  actual  evaporation 
per  pound  of  coal  is  above  the  average,  that  the  actual  evapora- 
tion per  pound  of  combustible  is  about  equal  to  the  average,  and 
that  the  evaporation  from  and  at  212  degrees,  per  pound  of  com- 
bustible, is  a  little  below  the  average  of  the  figures  published  for 
these  quantities. 

This  simply  means  that  there  is  room  for  improvement,  al- 
though it  must  be  admitted  that  the  coal  used  in  the  stations  ex- 
ceeding the  economy  of  the  Pratt  Street  Station  seems  to  be  of 
better  quality. 

Durifig  the  heavy  loads  the  economy  of  the  boiler  plant  was 
al)ove  the  average  of  tests  reported,  and  during  the  "  si>eeial  " 
test  it  exceeded  everything  reported  by  the  Naticnial  Electric 
Light  Association. 

Notes  on  the  Arc  Lighting  Machinery. 

The  special  test  of  Engine  No,  1  and  DijnamoH  No,  7  to  No, 
18  : — Three  tests  were  made  upon  engine  No.  1  and  the  arc  light 
machinery  driven  by  it.  Two  of  these,  the  first  and  the  last, 
were  made  in  connection  with  the  general  station  tests  of  Aug. 
Slst  and  Sept.  2nd,  but  the  second  was  for  the  special  purpose 
of  determining  the  evaporative  efficiency  of  the  newer  part  of 
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the  boiler  pbuit ;  luunelj,  boilers  No&  6.  7,  S^and  9,  and  the  steam 
coniomption  per  indicateil  horse  power  per  hour  of  the  engine 
in  question. 

For  the  special  test  it  was  decided  to  use  boilers,  Nos.  6, 7,  and 
8,  thos  providing  a  total  boiler  capacity  of  750  h.  p.  to  meet  the 
re^juirements  of  the  load  on  the  engine,  which  frequently 
amounted  \a}  over  7(M)  h.  p. 

The  stop  valves  leading  to  engines  Nos.  2,  3,  5,  and  8  were 
securely  closed.  Suitable  small  tanks  were  provided  to  receive 
the  water  that  acccumulated  in  the  separator  in  the  centre  of  the 
station  and  to  catch  the  condensed  steam,  when  it  was  removed 
from  the  various  points  at  which  it  collected.  The  total  amount 
of  pipe  condensation  for  the  eleven  hours'  run  was  1168.9  pounds 
or  0.5  of  one  per  cent,  of  all  the  water  evaporated  in  the  boilers. 

The  report  of  the  trial  of  the  boilers  is  given  in  table  4, 
column  9.  The  performance  of  the  boilers  was  very  creditable. 
The  evaporation  of  12  pounds  of  water  per  pound  of  combus- 
til>le  from  and  at  212"^  Fab.  is  far  above  the  average  evaporation 
obtained  in  the  central  stations  throughout  the  country  and  will 
compare  favorably  with  the  best  tests  yet  reported  upon  water 
tube  boilers.  The  average  horsepower  developed  by  the  boilers 
during  the  test  was  25.75  per  cent,  below  the  rating  of  the  boil- 
ers, allowing  1 1.5  sq.  ft.  of  heating  surface  in  the  tubes  per  horse- 
power. The  evaporation  of  12  pounds  of  water  would  therefore 
probably  have  been  exceeded  had  the  load  upon  the  boilers  been 
heavier,  as  they  are  designed  to  admit  of  a  considerable  over- 
load. 

The  quality  of  the  steam  evaporated  was  determined  by  a 
throttling  calorimeter  placed  in  the  side  of  the  east  main  between 
boilers  No.  7  and  No.  9.  The  results  showed  that  at  no  time  was 
there  more  than  1.07  per  cent,  of  moisture  in  the  steam  and  that 
at  times  this  figure  was  reduced  to  0.7  of  one  per  cent. 

The  pyrometer  test  of  the  flue  gases  showed  that  their  temper- 
ature at  the  base  of  the  stack,  where  the  pyrometer  was  placed, 
was  about  the  same  as  the  temperature  of  the  steam  generated  in 
the  boilers.  This  indicates  that  little  of  the  furnace  heat  is 
wasted,  and  speaks  well  for  the  design  of  the  boiler. 

The  load  on  the  engine  was  practically  constant  at  700  u.  p. 
during  the  earlier  part  of  the  eveuiug,  and  was  reduced  to  a  value 
of  about  "ISO  u.  p.  during  the  latter  part. 
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The  average  i.  h.  p.  for  the  whole  test  is  558.82  h.  p.  ancl  the 
average  e.  h.  p.  is  382.6  h.  p.  The  ratio  of  these  would  give  an 
apparent  efficiency  of  conversion  of  69.04  per  cent.  This  is  the 
nsual  method  of  determining  such  efficiencies  and  it  gives  a  very 
gratifying  result,  when  we  compare  it  with  similar  results  of  tests 
on  lighting  plants  of  this  type  that  have  been  published.  The 
real  average  efficiency,  however,  is  the  average  of  the  ordinates 
of  the  efficiency  curve  which  is  66.7  per  cent.  This  is  the  lowest 
value  obtained  on  either  of  the  three  tests  made  upon  this  engine, 
a  fact  that  is  probably  due  to  the  load  having  been  somewhat 
lighter  than  during  the  other  tests. 

One  object  of  this  test,  however,  was  to  determine  the 
actual  water  consumption  of  the  engine.  The  values  were  ob- 
tained by  dividing  the  pounds  of  water  delivered  to  the  boilers 
during  each  hour  by  the  average  i.  h.  p.  for  the  corresponding 
hour.  The  amount  varies  from  26.9  to  38.3  pounds,  the  average 
being  32.96  pounds  of  water  per  i.  h.  p.  per  hour.  This  value  is 
extremely  high  for  an  engine  of  this  type.  The  theoretical  value 
computed  from  the  indicator  cards  gives  an  average  of  about  18 
pounds  of  water  per  i.  h.  p.  as  the  water  consumption.  If  we 
add  to  this  the  percentage  for  internal  condenstition  that  practi- 
cal experience  has  shown  is  necessary,  we  find  that  the  engine 
ought  not  to  require  over  23  pounds  of  water  }>er  i.  h.  p.  and 
everything  above  this  value  is  in  excess  of  the  limit  of  even  fair 
economy.  This  excessive  water  rate  is  partly  due  to  the  low  ra- 
tio of  expansion  employed,  but  chiefly  to  leakage  of  steam  past 
the  pistons  of  the  engine. 

An  examination  was  made  of  the  cylinders,  and  the  valves  and 
pistons  were  tested  for  leakage.  The  inside  of  the  high  pressure 
cylinder  was  found  to  be  quite  a  good  deal  cut  all  round,  es- 
pecially on  the  left  side  parallel  to  the  axis  of  the  cylinder. 
When  steam  was  turned  on  it  blew  past  the  piston  uniformly  all 
round,  except  in  one  place  on  the  right  side  where  the  leakage 
was  somewhat  greater.  The  steam  chest  cover  was  removed  and 
the  valve  examined.  The  design  of  the  valve  is  such  that  it  de- 
livers steam  from  both  sides.  It  seemed  to  be  tight  on  its  seats 
but  the  steam  leaked  through  a  joint  in  its  center  into  the 
receiver. 

The  steam  chest  cover  and  the  high  pressure  cylinder  cover 
were  replaced  and  the  low  pressure  cylinder  head  removed.  The 
bottom  and  the  sides  of  the  low  pressure  cylinder  half  way  up, 
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showed  a  good  deal  of  wear,  the  surface  of  tlie  cylinder  being 
quite  rough.  With  the  crank  of  the  high  pressure  piston  on  a 
dead  center,  steam  was  turned  on.  It  leaked  into  the  receiver, 
and  the  pressure  in  the  receiver  rose  to  15  pounds  gauge  pressure 
in  one  minute,  although  steam  was  blowing  past  the  low  pressure 
piston  freely  all  the  time. 

Fifteen  pounds  pressure  in  the  low  pressure  cylinder  should 
have  been  sufficient  to  blow  the  piston  rings  out  to  the  sides  of 
the  cylinder  and  stop  the  leakage  past  the  piston  had  the  piston, 
its  fittings  and  the  sides  of  the  cylinder  been  in  good  condition. 
There  can  be  no  reasonable  doubt  but  that  there  was  leakage  of 
steam  past  the  pistons  of  this  engine  during  its  operation.  This 
fact  can  also  I)e  detected  from  the  indicator  cards.  The  results  of 
the  calorimeter  tests  that  were  made  of  the  quality  of  the  steam 
in  the  steam  pipe  and  the  receiver  during  the  run  of  Sept.  1st 
and  2d,  show  that  at  JO  P.  M.  the  steam  entering  the  high  pres- 
sure cylinder  contained  IM)  per  cent,  of  moisture,  but  that  when 
it  was  discharged  into  the  receiver  it  contained  only  0.79  per 
cent  of  tnoisture.  About  this  same  quality  was  determined  for 
the  steam  in  the  receiver  during  the  entire  time  of  the  heavy  load, 
but  whenever  the  load  became  lighter  (500  h.  p.  or  less),  so  that 
the  steam  expanded  to  about  twice  its  initial  volume  in  the  high 
pressure  cylinder,  between  7  and  13  per  cent,  of  moisture  became 
apparent  in  the  steam  in  the  receiver.  In  other  words  the  steam 
was  wet  when  discharged  from  the  high  pressure  cylinder. 
These  results  were  obtained  with  a  throttling  calorimeter  on  the 
steam  pipe,  and  a  throttling  and  a  separating  calorimeter  on  the 
receiver,  and  have  an  important  bearing  upon  the  water  con- 
sumption of  the  engine. 

So  far  nothing  has  been  said  regarding  the  mechanical  effi- 
ciency of  engine  No;  1. 

The  engine  is  directly  connected  to  a  very  large  line  of  shafting 
extending  along  the  east  side  of  the  station  a  distance  of  70  feet. 
This  line  shaft  is  supported  on  eight  evenly  spaced  pedestal  bear- 
ings, and  is  equipped  with  12  friction  clutch  pulleys  to  which  the 
dynamos  are  belted. 

The  average  indicated  friction  horse  power  of  the  engine 
amounted  to  54.31  h.  p.  with  the  clutches  thrown  on,  and  to 
practically  the  same  (54.1  h.  p.)  with  the  clutches  thrown  oflf. 
These  are  the  lowest  values  of  the  friction  load  recorded,  and  it 
is  a  noticeable  fact  that  the  friction  of  the  clutch  pulleys  is  about 
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the  aame  as  the  friction  of  the  arinatnres  and  belta  of  the  dyna- 
mos. It  would  therefore  seem  that  althoDgh  the  tue  of  friction 
clutches  reduces  the  wear  on  the  dynaiuoe  when  they  are  out  of 
service,  they  do  not  reduce  the  friction  load. 

The  friction  cards  taken  on  Aug.  Slnt  indicated  that  the  power 
absorbed  in  the  friction  of  tluH  shafting  is  often  in  excess  of  the 
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figures  just  noted.  In  fact,  the  results  of  the  tests  made  on  Sept. 
1st  and  Tth  show  a  difierenco  of  over  225  h.  v.  at  times  between 
the  indicated  horse  power  of  the  engine  and  the  total  electrical 
horse-power  developed.     If  we  allow  40  ti.  r.  of  this  amoant  for 
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the  friction  of  the  engine  alone,  and  tlie  same  amonnt  for  the 
friction  of  all  the  loaded  dynamos,  145  n.  p.  or  18  per  cent,  of 
the  power  developed  by  the  engine  still  remains  unaccounted  for, 
and  since  an  ample  allowance  has  been  made  for  the  engine  anc 
dynamos,  it  may  be  attributed  to  the  friction  of  the  shaft- 
ing. This  excessive  friction  only  occurs  during  the  heavy  loadB 
of  700  I.  H.  p.  or  over.  On  the  night  of  August  Slst  the  fric- 
tion horse- power  during  the  heavy  load  averages  somewhat  leus 
than  225  h.  p.;  only  about  150  h.  p.  in  fact.  During  the  lighter 
loads  of  500  n.  p.  or  less,  the  three  tests  show  a  very  uniform 
friction  loss  of  about  145  i.  h.  p.  If  we  assume  therefore  that 
this  engine  is  operated  for  11  hours  a  day  during  313  days  in  the 
year  (which  is  practically  the  case)  then  there  is  an  average  total 

TABLE  5. 
Data  from  Tests  of  Arc:  Machines. 


No.  of 

Resistance. 

Ave  rag 

e  Voltaije   Developed. 

Average 

electrical 

efficiency. 

per  cent. 

arc  dy- 
namo. 

Armature. 

Regulator  and 
series  field. 

Aug.  3?. 

Sept.  I. 

Sept.  7. 

7 

13.61 

,^o.8i 

3773 

37i-'8 

3819 

90.22 

8 

«3-2 

32-42 

4097 

90.4^ 

Q 

»3.05 

31.96 

2957 

JIIO 

3368 

88.01 

lO 

«3-47 

30-5 

2545 

3387 

3130 
3784 

88.04 

II 

30.1 

2810 

3801 

la 

»2.43 

29.7 

3849 

2970 

3867 

89.89 

>3 

13.1 

30.55 

3606 

3667 

3896 

89. 7» 

U 

«3.2 

30.59 

3344 

3706 

3«4« 

88.80 

•5 

«305 

30.8 

■(622 

3'^3» 

3858 

89.85 

i6 

13.  II 

3»09 

3450 

3320 

3690 

89. M 

17 

12.5 

29.01 

3240 

3440 

3799 

89.83 

i8 

12.51 

30.4 

3452 

3505 

3^44 

89.6a 

friction  loss  of  175  h.  p.,  during  that  time,  of  which  100  n.  p.   is 

due  to  the  friction  of  the  line  shaft  alone. 

Economy  of  flu)   Arc  Machinei<, — The   average    commercial 

efficiencies  of   the   dynamos  for   the   three  tests  recorded  show 

»■ 

that  an  average  greater  than  76  per  cent,  was  maintained 
each  day.  These  percentage  ratios  were  obtained  by  dividing 
the  total  E.  H.  p.  by  the  d.  h.  p.  of  the  engine  and  are 
therefore  decreased  by  the  friction  losses  of  the  line-shaft 
and  of  the  dynamo  belts.  The  true  efficiencies  of  the 
dynamos  are  therefore  higher  than  these  figures  would  indicate, 
and  although  it  was  impossible  to  make  any  exact  determination, 
the  following  condensations  lead  us  to  a  very  close  approximation. 
In  table  5  will  be  found  a  statement  of  the  average  electrical 
efficiencies  of  the  dynamos.    These  are  determined  from  the 
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nieaBiirements  that  were  made  of  the  reniBtanees  of  tlie  armature 
and  field  windings  of  the  machines  and  the  average  electrical 
horfie-power  developed  by  each  machine  during  the  three  teste. 
The  average  of  these  efficiencies  is  81).4  per  cent.,  and  if  5  per 
cent,  is  allowed  for  the  remaining  losses,  we  get  84  91  per  cent, 
as  the  average  commercial  etticiency  of  the  dynamos. 

If  we  assume  that  the  average  yearly  load  upon  the  engine  is 
nor*  H.  p.,  68  per  cent,  of  it  is  delivered  as  electrical  energy  for 
distribution,  about  six  per  cent,  is  absorbed  in  overcoming  the 
friction  of  the  engine,  10  per  cent,  is  dissipated  as  heat  due  to 
the  electrical  and  mechanical  losses  of  the  dynamos  and  1  <>  per 
cent,  is  absorbed  in  running  the  line-shaft. 

Engine  No.  2,  Are  Machines  Nos,  4,  5  njid  (>,  and  the  Wen- 
stiom  Dynamo. — The  engine  is  of  the  Kussell  four  valve  type, 
and  as  originally  designed  was  regulated  by  an  automatic  fly- 
wheel governor.  As,  however,  the  fly-wheel  governor  did  not 
work  satisfactorily  under  125  pounds  boiler  pressure,  it  was  re- 
moved and  the  engine  equipped  with  a  throttling  governor  after 
the  valve  gear  had  been  somewhat  modified. 

i'revious  to  the  tests  the  engine  was  thoroughly  examined. 
The  cylinder  was  in  good  condition.  It  was  found,  while  meas- 
uring the  clearance  of  the  cylinder  heads,  that  the  piston  and 
valves  leaked  water,  but  on  the  other  hand  they  proved  to  be 
tight  to  steam  when  it  was  turned  on  to  its  full  force. 

J)uring  the  tests  a  steam  gauge  was  placed  on  the  steam  chest 
and  a  throttling  calorimeter  connected  near  it.  These  were  the 
only  special  arrangements  made. 

The  distribution  of  the  power  developed  by  the  engine,  between 
the  ends  of  its  cylinder  was  very  nearly  equal.  There  seemed 
however,  to  be  a  tendency  to  over-balance  on  the  head  end.  But 
the  most  striking  feature  in  connection  with  this  engine  is  the 
action  of  the  throttling  governor.  The  initial  steam  pressure 
shown  by  the  cards  and  the  boiler  pressure  are  graphically  ex- 
hibited in  Fig.  r».  It  is  noticeable  that  although  the  boiler  pres- 
sure is  practically  constant  at  something  over  125  pounds  gauge 
pressure,  the  steam  chest  pressure  remains  at  about  35  pounds  all 
during  the  day  and  falls  as  low  as  20  pounds  whenever  the  i.  n.  p. 
of  the  engine  falls  below  50  h.  p.  Even  when  the  engine  is  de- 
veloping 1(50  I.  H.  p.  the  steam  chest  pressure  does  not  average 
above  50  pounds  by  gauge.  This  excessive  throttling  of  the 
steam  to  from  .4  to  .16  of  its  initial  pressure  is  very  wasteful  of 
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the  lieat  energy  contained  in  the  steam  and  reenlts  in  ahigh  water 
consumption  per  i.  h.  p.  per  hour. 

The  calorimeter  texts  made  upon  the  quality  of  the  Bteam  in 
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tlie  steam  pipe,  and  in  the  Hteani  chest,  showed  that  as  high  as 
24.+  degrees  superheat  is  developed  in  steam  initially  containing 
1.27  per  cent,  of  entrained  water. 
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In  the  calculations  that  have  been  made  of  the  actual  water 
consumption  of  the  engine  per  indicated  horsepower  per  hour, 
the  theoretical  results  have  been  assumed  to  be  correct,  owing  to 
the  superheated  condition  of  the  steam  entering  the  cylinder,  and 
no  allowance  is  made  for  cylinder  condensation.  Even  under 
these  conditions,  the  water  consumption  is  high ;  during  the  light 
loads  of  about  50  h.  p.  it  amounts  to  49  pounds  of  water  and  dur- 
ing the  heavy  loads  of  158  h.  p.  it  runs  as  high  as  30  pounds  of 
water.  Had  the  same  correction  for  condensation  been  made 
here  as  in  the  case  of  the  other  simple  engines  the  above  figures 
would  have  been  64  and  35  pounds  of  water  respectively. 

The  difference  between  the  i.  n.  p.  and  the  e.  h.  p.  during  the 
two  days  tests  seem  to  average  about  35  h.  r.J'ar  all  loads  above 
80  I.  H.  p.  of  the  engine.  This  shows  at  once  the  advantage  to  be 
gained  by  keeping  the  engine  well  loaded. 

To  secure  high  efficiency  it  is  by  all  means  necessary  to  operate 
arc  dynamos  as  near  full  load  as  possible,  their  efficiency  at  half 
load  being  little  better  than  70  per  cent,  and  at  one  (juarter  load 
only  about  50  per  cent.  The  bearing  of  this  fact  upon  the  case 
in  hand  becomes  evident  when  it  is  known  that  during  the  day 
all  the  dynamos  operated  by  this  engine  are  loaded  to  less  than 
one-half  their  normal  capacity. 

Emjine  ^o,  3  and  Arc  Dynamos  Noh,  1,2  and^: — Upon 
examination,  the  e^jnipment  was  found  to  be  in  good  order.  The 
engine  proved  to  be  sound  in  every  particular. 

In  view  of  the  fact  that  this  engine,  one  of  the  oldest  in  the 
station,  is  in  such  good  condition,  and  that  it  is  operated  under 
low  pressure  superheated  steam,  the  temperature  of  which  is 
almost  as  high  as  the  temperature  of  the  high  pressure  steam  in 
the  steam  pipe,  it  does  not  seem  probable  that  the  excessive  cut- 
ting in  the  cylinders  of  some  of  the  engines  can  be  due  either  to 
grit  brought  over  in  the  steam  from  the  boilers,  or  to  the  tem- 
perature of  the  steam  interfering  in  the  least  with  the  cylinder 
lubrication.  It  would  appear  rather  to  be  due  to  the  fact  that  the 
engines  referred  to  have  not  been  properly  designed  for  use  with 
such  high  pressure  steam,  and  that  in  consequence  the  piston 
rings  bear  upon  the  cylinders  with  such  force  that  trouble  ensues. 
Frequently  the  piston  rings  break,  and  then  the  weak  spots  in  a 
cylinder  suffer  severely. 

Like  engine  No.  2,  the  engine  under  discussion  is  regulated  by 
means  of  a  throttling  governor,  and  all  of  the  peculiarities  that 
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were  found  to  bo  characteristic  of  engine  Ko.  2  are  prescut  in 
engine  No.  3,  only  in  an  intensified  degree.     See  Fig.  7. 

During  tlie  light  loads  of  40  i.  h.  p.  the   water  coneumptioD 


accounteil  for  by  the  carde  averages  about  55  pounds.  For  the 
heavier  loads  requiring  125  i.  h.  p.  or  over,  the  water  consump- 
tion by  card  falls  off  to  30  pounds.     At  these  loadH  however  it  is 
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doubtful  if  the  superheating  is  as  effective  in  reducing  cylinder 
condensation  as  at  the  lighter  loads,  both  because  the  ratio  of  ex- 
pansion by  pressures  is  increased,  and  because  the  throttling  of 
the  steam  during  the  heavier  loads  is  very  much  less.  Probably 
for  those  loads  25  per  cent,  should  be  added  to  the  theoretical 
value  for  condensation. 

The  value  of  42.59  pounds  of  water  corresponds  to  the  theoretical 
value  obtained  from  cards  showing  about  70  i.  h.  p.;  and,  as  dur- 
ing these  loads  the  stem  is  throttled  from  130  pounds  to  25 
pounds  by  gauge,  the  theoretical  value  is  assumed  to  be  equal  to 
the  real  value. 

The  tests  of  the  A  re  Lightiyig  Plant : — Being  familiar  with  the 
general  results  of  the  tests  made  upon  the  arc  lighting  equip- 
ments considered  independently  of  one  another,  it  remains  to  give 
an  account  of  the  economic  working  of  this  machinery  when  con- 
sidered in  the  light  of  a  single  plant.  To  this  end  the  results  of 
tests  of  the  three  separate  equipments  have  been  summed  up. 

On  Aug.  31st  the  i.  h.  p.  developed  by  the  engines  did  not 
amount  to  over  150  h.  p.  up  to  six  o'clock  in  the  evening,  it  then 
rose  to  about  975  ii.  p.  as  the  night  load  of  commercial  arc  lamps 
and  street  lights  came  on.  The  total  arc  load  remained  about 
constant  until  twelve  o'clock  at  night,  when  engines  1  and  2  were 
shut  down  and  the  commercial  circuits  opened.  After  this  time 
the  load  was  carried  by  No.  1  engine,  and  it  remained  about  con- 
stant at  475  H.  p.  until  the  early  morning.  The  eflSciency  of 
conversion  averages  about  61  per  cent,  between  7  A.  M.  and  6 
P.  M.  and  12  P.  M.  and  5  A.  M.,  but  between  7  and  11:30  P.  M. 
it  averages  not  far  from  77  per  cent. 

Aug.  31.  Sept.  7. 

The  maximum  i.  h.  p.  recordeil  is 999  1146 

The  maximum  e.  h.  p.  recorded  is 760  847 

The  average  i.  u.  p.  recorded  is 404 .8  434.8 

The  average  e.  h.  p.  recorded  is  284.2  296.7 

The  average  efficiency  of  conversion  is 66.2^  61.9^ 

The  arc  lighting  plant  record  for  Sept.  7  and  8,  is  graphically 
represented  in  Fig.  13.  The  load  on  Sept.  7,  did  not  average  as 
high  during  the  day  as  it  did  during  the  first  test,  but  at  night 
it  made  up  for  it  very  handsomely.  The  load  increased  on 
engines  2  and  3  about  5:30  P.  M.  and  when  engine  No.  1  was 
started  at  six  o'clock  it  immediately  rose  to  a  high  value. 

Eleven  hundred  and  forty-six  n.  v,  is  just  250  h.  p.  in  excess 
of  the  rated  capacity  of  the  engines,  and  if  it  had  been  evenly 
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distrilmtdd  wonld  hare  amounted  to  ftn  overload  of  27  per  cent. 
The  niaxiniuiii  electrical  load  was  7.6  per  cent,  below  the  rated 
capacity  of  the  electrical  machinery.  On  account  of  the  load 
being  light  during  the  day,  the  average  efficiency  up  to  eix 
o'clock  .1*  M.  iK  but  little  better  than  51  per  cent,  and  even  dur- 
ing the  heavy  luad  between  6:30  P.  M.  and  midnight  the  effi- 
ciency averages  4  per  cent,  lower  than  it  did  on  the  nightof  Aug. 
HI.  During  the  morning  run,  however,  when  Mo.  1  engine  was 
operated  alone  under  an  average  load  al>ont  100  h.p.  heavier  than 
the  load  was  during  the  morning  of  Sept.  1  the  efficiency  im- 
proved upon  tlie  first  test  about  six  per  cent. 
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l-'io.  8.— Engine  No,  4.     Dynamo  K.    Sept.  7  and  8,  1895. 

Now  the  variatiouB  in  the  total  elKcieuey  of  the  are  plant  on 
the  two  duvH  are  niniply  dne  to  the  fact  that  engines  No.  2  and 
No.  -3  were  not  loaded  an  heavily  on  Sept.  7  as  they  were  on 
Aug.  31.  and  couseijuently  although  the  load  on  tlie  entire  plant 
was  liL'avior  on  the  wc-ond  day,  the  inefiicient  O|«ration  of  ii  part 
of  the  plant  cntii-ely  counteracted  the  good  effect  that  usually 
comes  with  good  lomls. 

If  we  calculate  the  apparent  efficiency  and  take  the  ratio  of  the 
average  i.  a.  f's.  to  the  average  k.  h.  p's.  we  obtain  a  very  grati- 
fying but  a  very  deceptive  result 
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The  apparent  eflSciency  for  the  run  of  Aug.  31  is  70  per  cent., 
and  the  apparent  efficiency  for  the  run  of  Sept.  7  is  68  per  cent. 
A  glance  at  the  efficiency  cur\'e  on  Fig.  13  will  immediately  show 
that  these  results  are  of  little  value  as  an  aid  to  gauging  the 
average  hourly  effimetirvy  of  the  plant.  The  ''  apparent  efficiency  " 
is  however,  of  great  value  in  determining  the  daily  commercial 
economy  of  the  machinery,  since  it  equals  the  ratio  of  the  average 
hourly  product  of  the  indicated  horse  power  and  the  efficiency  of 
conversion,  to  the  average  indicated  horse  power. 

Had  the  entire  day  load  been  carried  by  engine  No.  2,  and  had 
engine  No.  3  not  have  been  put  in  service  until  six  o'clock  (on 
either  day,)  No.  3  would  have  been  just  nicely  loaded,  and  would 
have  developed  an  efficiency  of  75  per  cent,  or  over.  This  would 
have  had  the  result  of  making  the  all  day  efficiency  of  the  plant 
about  73  per  cent,  on  Aug.  t'Hst  and  about  74  per  cent,  on  Sept. 
7th,  instead  of  66  per  cent,  and  61  per  cent,  respectively.  When 
we  remember  that  the  steam  economy  of  the  plant  during  the 
day  run  would  have  been  increased  in  even  a  greater  proportion, 
the  real  increase  in  economy  to  be  gained  by  such  an  arrange- 
ment becomes  apparent. 

Notes  on  the  Incanuesoent  Lighting  Machinery. 

Engine  No.  4  aiul  Alternator  K, — This  set  consists  of  a  simple 
horizontal  high-speed  Buckeye  engine  that  is  belted  to  a  16-pole 
Slattery  alternator. 

A  very  important  point  brought  out  by  the  tests  on  engine  No. 
4,  is  the  necessity  of  having  the  valve  of  an  engine  properly 
adjusted.  Without  exception  the  cards  from  this  engine  showed 
that  the  admission  of  steam  into  the  cylinder  was  far  from  free. 

Between  admission  and  cut-off  the  steam  pressure  was  reduced 
about  40  per  cent.,  whereas  the  corresponding  decrease  in  engine 
No.  6  was  practically  negligible.  As  the  steam  pipe  connections 
to  these  engines  are  of  the  same  dimensions,  with  the  advantage 
on  the  part  of  engine  No.  4  of  being  nearer  the  boilers  on  the 
same  steam  main,  the  throttling  of  the  steam  must  occur  in  the 
valve  of  engine  No.  4.  The  effect  of  this  throttling  is  to  increase 
the  apparent  water  consumption  of  engine  No.  4,  as  shown  by  the 
cards,  14.7  per  cent,  above  that  shown  by  the  cards  of  engine 
No.  6. 

Engine  No.  6  and  AWiniator  F. — The  engine  runs  very 
smoothly  and  regulates  well,  and  the  dynamo  is  so  well  designed 
and  compounded  that  it  needs  practically  no  attention. 
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The  onl;  thing  to  mar  the  perfect  adjuetment  of  the  engine 
was  tlie  fact  that  the  ratios  of  expaiieiou  and  the  i.  h  p.  developed 
during  the  teat  were  not  equalized  between  the  cylinders.  The 
ratio  of  expansion  in  the  high  pressure  cj'linder  was  about  twice 
aa  great  as  the  ratio  in  the  low  pressure  cylinder.  The  power 
indicated  in  the  high  pressure  cylinder  was  also  much  greater 
than  in  the  low  pressure  cylinder. 
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During  the  tests,  the  load  on  the  equipment  required  an  aver- 
age of  21fi  I.  H.  1'.  and  there  were  no  Huetuationsof  longdnratioa 
on  either  side  of  this  mean  value  of  over  12  per  cent,  (see  Kig.9). 
If,  therefoi-e,  the  valves  had  licen  properly  set  for  21C  i.  h.  f., 
there  would  have  been  a  gain  of  several  per  cent,  in  the  water 
consumption  economy  of  the  enginu. 

On  the  whole  the  pcrforinancc  of  the  engine  was  very  credit- 
able. It  did  Hot  retpiire  much  over  22  pounds  of  steam  per  i.  h.  v. 
jier  hour  and  the  steam  was  expanded  over  nine  times  before 
being  exhausted. 
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From  the  measurements  that  were  made  of  the  resietancefl  of 
the  various  windings  it  would  appear  that  the  full  load  electrical 
efficiency  of  this  dynamo  is  about  95.5  per  cent.,  including  the 
exciter  and  the  exciter  circuit.  At  full  load  the  alternator  de- 
velops 201  B.  H.  p. 

The  efficiency  of  the  equipment  on  the  basis  of  a  full  load  of 
200  K.  II.  p.  on  the  dynamo,  is  86.5  per  cent,  for  the  engine  effi- 
ciency, 89.5  per  cent,  for  the  dynamo  efficiency,  and  77.3  as  the 
efficiency  of  conversion. 

Engine  No.  6  and  Alternator  D. — The  engine  and  dynamo 
that  form  this  equipment  are  counterparts  of  engine  No.  4  and 
dynamo  E. 

The  dynamo  was  in  good  mechanical  running  order  and  devel- 
oped no  weak  points  during  the  tests. 

The  determinations  that  were  made  of  the  •'actual"  water 
consumption  of  the  engine  from  representative  indicator 
cards,  ranged  between  21.39  and  26.21  pounds  of  initially  dry 
and  saturated  steam  per  indicated  horse-power  per  hour,  and 
after  a  careful  review  of  the  results  and  the  conditions  governing 
the  test,  it  has  been  thought  safe  to  assume  that  the  engine  did 
not  consume  on  an  average  more  tlian  22.6  pounds  of  steam  per 
indicated  horse-power  per  hour.  The  steam  was  expanded  over 
4.5  times,  both  by  pressures  and  volumes. 

The  commercial  efficiency  of  this  set  seems  to  be  better  than 
that  of  engine  No.  4  and  dynamo  "  E."  In  fact  there  is  a  differ- 
ence of  about  four  per  cent,  for  all  loads. 

The  efficiency  of  the  engine  is  about  84  per  cent,  when  the 
dynamo  is  fully  loaded,  and  the  efficiency  of  the  dynamo  is  88.2. 
These  deductions  are  based  upon  the  assumption  that  the  full 
load  efficiency  of  conversion  of  the  equipment  under  the  condi- 
tions of  a  constant  load  would  be  73  per  cent. 

Engine  No.  7  a7Hl  Alternators  B  and  C. — The  engine  is  of 
the  high  speed  cross-compound  type  manufactured  by  the  Ball  & 
Wood  Company.  Upon  examination  it  proved  to  be  in  very 
good  condition. 

The  records  of  the  power  developed  in  the  cylinders  indicate 
that  the  division  of  the  work  between  the  ends  of  either 
of  the  cylinders  considered  by  itself  was  very  nearly 
equal,  but  that  the  division  of  the  work  between  the  two  cylin- 
ders was  very  unequal.  During  light  loads  of  150  i.  h.  p.,  73 
per  cent,  of  the  power  of  the  engine  was  developed  in  the  high 
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preuiire  cyliuder,  and  during  the  Leavy  loads  of  about  240  i.  h.  f. 
60  per  cent,  of  the  total  power  wae  developed  in  the  high  pres- 
sure cyhnder.  Following  this  same  proportion  it  appears  that 
the  power  developed  in  the  cylinders  would  be  equal  when  the 
engine  is  indicating  310  h.  p. 

With  the  engine  loaded  to  310  h.  v.  it  is  probable  that  the 
water  consumption  shown  by  the  cards  and  the  ratios  of  expan- 
sion of  the  steam  in  tlie  two  cylinders  would  be  more  nearly 
equal,  since  in  this  event  the  receiver  pressure  would  increase  and 
compression  in  tlie  high  pressure  cylinder  decrease. 


m 


Fio.  10.~Rneine  No.  6.    Dynamo  D.    Sept.  7  anil  8,  1«1)6. 

At  the  time  of  making  the  tests,  however,  the  valve  setting 
was  not  at  all  adapted  to  the  load.  Cut-off  in  the  low  pressure 
cylinder  and  compression  in  the  high  pressure  cylinder  occurred 
much  too  late,  and  in  consequence  the  receiver  pressure  is  low, 
and  the  low  pressure  piston  compresses  the  steam  to  a  pressure 
between  10  and  IT*  pounds  higher  than  the  receiver  pressure. 

These  things  cause  the  water  consumption  shown  by  the  cards 
to  be  greater  in  the  low  than  in  the  high  pressure  cylinder.  As, 
however,  by  far  the  greater  jwriion  of  thr  lenjrk  performed  by 
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the  engine  k  done  in  tlie  hiyh  preaxure  cylinder,  and  as  the  ratio 
of  expaoBion  in  thiy  (^yliiKlur  in  much  higher  and,  therefore,  the 
fjliiider  condemnation  proportionally  greater  than  in  the  low 
pressure  cylinder,  the  "aetnal"'  water  consuinption  determined 
fruui  the  high  presenre  cylinder  cards  in  considered  to  be  a  fairly 
accurate  determination  of  the  real  water  consumption  per  i.  ii.  p. 
per  hour  of  the  engine. 
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Based  npon  these  assnniptions,  the  engine  t^howed  an  economy 
of  21.5  pitunds  of  water  per  i.  u.  p.  per  hour  during  the  tcstfi. 

The  final  results  of  tlie  tests  (see  Fig.  11.)  show  that  the  etli- 
ciency  of  this  equipment,  in  spite  of  the  fact  that  it  contains  tiro 
belted  units,  is  very  good.  During  the  nin  of  Aug.  ;^l,  the 
average  efficiency  of  conversion  was  oidy  63  per  cent,  but  this 
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was  because  the  load  on  the  engine  was  very  li^ht  during  a  con 
siderable  portion  of  the  time,  so  that  between  4  P.  M.  and  7  P.  M. 
the  efficiency  of  conversion  averaged  but  little  over  55  per  cent. 
Later  in  the  night  when  the  load  rose  to  240  h.  p.  the  efficiency 
also  improved  and  averaged  above  70  per  cent.  The  importance 
of  keeping  units  well  loaded  cannot  be  too  strongly  empha- 
sized. 

Engine  No,  8  and  Alternator  A. — Alternator  A  is  of  the 
same  size  and  type  as  Alternator  F.  The  engine  is  very  similar 
in  its  general  appearance  to  engine  No.  5,  and  was  manufactured 
by  the  same  company. 

Upon  examination  the  engine  cylinders  were  found  to  be  very 
badly  cut.  The  high  pressure  cylinder  was  scarred  around  the 
lower  half  in  the  middle,  the  scars  beginning  and  ending  about 
three  inches  from  the  cylinder  heads.  The  top  of  the  cylinder 
was  smooth  as  it  was  not  subjected  to  the  same  wear  as  the  lower 
surface. 

The  low  pressure  cylinder  piston  fitted  quite  loosely  also.  The 
cylinder  was  badly  cut  on  the  right  side  below  the  horizontal 
diameter  and  extending  past  the  bottom  line  two  or  three  inches. 

When  the  crank  was  placed  on  its  dead  centers  and  steam 
turned  on,  it  leaked  past  the  high  pressure  piston  a  little,  but 
past  the  piston  valve  into  the  receiver  to  quite  an  extent.  During 
the  tests  it  was  found  that  this  leakage  was  sufficient  to  modify 
the  cards  to  a  marked  degree. 

The  greater  proportion  of  the  power  was  developed  in  the  head 
ends  of  the  cylinders  (see  Fig.  12).  In  fact  63  per  cent,  of  all 
the  work  done  in  the  high  pressure  cylinder  was  performed  in 
the  head  end  of  that  cylinder,  and  56  per  cent,  of  the  work  done 
in  the  low  pressure  cylinder  was  performed  in  its  head  end.  But 
the  greatest  discrepancy  was  that  due  to  the  unbalanced  distribu- 
tion of  the  load  between  the  cylinders.  When  the  engine  was 
working  under  light  loads  of  160  i.  n.  p.  I  found  that  62  per 
cent,  of  the  load  was  carried  by  the  low  pressure  cylinder.  As  a 
rule,  it  will  l)e  remembered,  the  high  pressure  cylinder  carries 
the  greater  portion  of  the  load  during  the  light  loads  on  an  en- 
gine, and  one  would  naturally  expect  the  same  thing  to  occur  in 
the  present  case.  As  the  load  increases  the  condition  of  things 
is  improved  very  little,  and  when  the  engine  is  indicating  between 
260  and  300  h.  p.,  between  60  and  65  per  cent,  of  the  power  is 
still  developed  in  the  low  pressure  eyliiuUr,     This  is  of  course 
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wrong,  and   it  oecnra  largely  «R  nceoimt  nf  the  hitkai/e  of  the 
titoain  past  the  high  pressunj  pisluii  valve  into  the  receiver. 

Under  these  conditions  it  in  not  siirpriiiing  that  the  caluulattOMf 
fur  the  water  consumption  of  the  engine  should  result  in  high 
values  being  obtained  from  the  low  pressure  eards.     Under  the 
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circumstanees  the  value  of  29  pounds  of  water  per  indicated 
hon-e-power  per  hour,  reconled  aa  the  average  porforniancc  of  the 
engine  during  the  tests,  should  Ih)  regardiil  as  ii  eonservativo 
estimate,  and  it  is  fortuuute  if  the  engine  did  not  make  a  greater 
demand  upon  the  boilers  than  these  tigures  indicate. 
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The  Tesls  of  the  IncanHeactnt  Lightmg  Phtnt. — We  now 
come  to  a  point  where  it  will  be  intercatiiif;  to  diecnea  the  testa 
that  were  made  upon  the  incandescent  ligLtinf;  cquipnientB  col- 
lectively. It  liaa  been  shown  that  it  in  possible  under  favorable 
conditions  to  operate  these  equipments  at  an  nverage  efficiency  of 
conversion  of  75  per  cent.,  and  it  is  of  importance  to  know  jnst 
what  proportion  of  this  fi^re  was  attained.  If  we  take  the 
average  of  the  daily  etticiencies  actually  attained  by  the  several 
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equipments,  wo  obtain  fi6.4S  per  cent,  from  the  figures  for  Aug. 
SI,  and  (itf.SO  per  cent,  from  those  for  Septeinljer  7.  These 
results  arc  hardly  accurate,  however,  as  they  neglect  the  fact  that 
all  of  the  engines  were  not  operated  for  the  same  length  of  time, 
and  that  the  parts  of  the  load  they  severally  carried  varied  in 
anionnt  quite  as  nmcli  as  did  the  lengths  of  the  nins 

The  correct  method  to  I>e  followed  is  to  sum  up  the  indicated 
and  the  electrical  piiwcru  develoi>ed  for  the  niachiues  for  each  set 
of  readings,  and  from  these  results  calculate  the  hourly  efficiency 
of  the  incandescent  plant.  The  average  of  the  hourly  efficiencies 
dcterminc<l  in  this  way  will  l>e  the  real  average  daily  efficiency 
of  conversion  of  the  plant. 
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ThJR  method  hae  been  followed  in  making  the  determinations 
of  economy  that  are  set  forth  in  Fig.  14. 

The  load  diagrams  show  that  the  incandescent  load  of  the  sta- 
tion varied  about  the  same  on  both  days,  both  bb  regards  the 
time  of  the  variations  and  their  amount.  It  starts  at  7  A.  M., 
at  350  H.  p.  and  rise*  gradually  to  50u  h.  p.  which  it  reaches 
about  6  P.  M.;  between  l>  and  8  P.  M.  it  rieee  rapidly,  the  crest 
of  the  cnrye  being  reached  abont  8:15  P.  M. 

During  the  time  of  the  maximum  load  about  850  i.  n.  p  and 
625  E.  H.  p.  are  develo|>ed,  but  this  oniy  lasts  about  an  hour  and 
a  half,  after  which  it  rounds  o£E  gradually  and  finally  drops  to 
Soft  M.  p.  about  one  o'clock  in  the  morning.     From  this  time  on 


Fio.  14. — Load  Curre  for  lueandesceut  Matliitifj-.    Sepi.  7  mul  S,  1696. 

it  rcmaitis  practically  constant  till  the  end  of  the  tests. 

On  account  of  the  greater  portion  of  the  load  having  been 
carried  by  the  most  elHeient  of  the  equipments,  and  the  fact  that 
all  of  the  equipments  were  fairly  well  loaded,  the  efficiency  of 
the  plant  remains  very  nearly  constant  during  the  24  hours,  and 
the  average  efficiencies  are  higher  than  the  figures  mentioned 
earlier  in  the  discussion. 

Aug.  31.       Sept,  T. 

The  maiimiim  I.  a.  p.  reconlfd  is  878  900 

The  msiiiimni  b.  h.  p.  rcconlcd  is 698  6«1 

The  average  i.  h.  p.  reconlcil  is  458.0  461.0 

The  average  K.  H.  p  re(;ur(lt!il  is 817.0  388.8 

The  ATerage  efficiency  of  converaion  is 60. 0  71 .0 
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Tlie  average  efficiency  maintained  on  Septeml)er  7  of  71  per 
cent,  is  very  creditable  wlien  it  is  remembered  that  at  times  the 
load  was  divided  between  four  belted  equipments.  It  would 
seem,  however,  that  even  this  result  could  be  improved  upon  if 
it  were  possible  to  distribute  the  load  to  the  best  advantage  be- 
tween the  electrical  units. 

In  table  G  is  given  in  tabulated  form  the  results  of  a  careful 
comparison  of  the  actual  electrical  load  upon  the  incandescent  plant 
with  the  actual  ra^cv/ capacity  of  the  electrical  apparatus  supply- 
ing the  power,  and  an  additional  statement  is  given  of  the  nearei^t 
approximation  that  could  be  made  to  the  actual  load  wif/toui 
(joiiKj  fihovv  the  rated  vapacity  of  any  of  the-  electrUnl  u/rlt^. 
The  comparisons  are  expressed  in  terms  of  the  per  cent,  that  the 
rated  power  is  above  the  power  actually  developed. 

TABLE  6. 


Time. 


8:)o  A.  M. 
12:30  P.  M. 

4:30  P.  M. 

8:jo  P.  M. 
12:30  A.  M 

4:10  A.  M 


Per  cent,  of  the  rated  capacity  of 
dynamos  rui  ning  ab«>ve  the  load. 

August  31. 

September  7. 

33 

4a 

45 

10 

60 

40 

23 

»3 

25 

60 

3? 

23 

Per  cent,  of  the  rated  capacity  of 

the  best  arrangement  of  dynamos 

above  the  load. 


August  31. 

September  7 

7 

»9 

at 

10 

7 

• 

12 

5 

«3 

25 

30 

33 

22 

In  some  cases  the  rated  capacity  of  the  machines  is  60  per  cent, 
higher  than  the  load,  i,  £?.,  the  rated  capacity  was  over  twice  as 
great  as  the  load  ;  and  it  never  approaches  it  nearer  than  25  per 
cent,  on  August  '^I,  and  10  per  cent,  on  September  7.  The 
table  shows,  however,  that  in  almost  everv  cjise  the  conditions 
could  have  been  greatly  improved  without  overloading  any  of 
the  machines,  and  if  an  allowable  percentage  of  overloading  were 
indulged  in,  a  very  much  greater  improvement  could  be  made. 

If  the  above  suggestions  were  carried  out  in  practice,  there 
would  not  be  the  least  element  of  danger  introduced  on  account 
of  running  the  machines  near  the  limit  of  their  rated  capacity,  as 
the  overloading  that  every  good  machine  can  stand  will  amply 
provide  for  unusually  rapid  changes  in  the  load. 
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The  toad  diRgram  for  every  dny  in  the  week  should  be  con- 
structed and  Btadied  by  the  switchboard  attendant,  and  he  should 
also  be  iuformed  regarding  the  load  curves  of  each  of  the  feeders 
leaving  the  station,  in  order  that  he  may  be  able  to  make  t)ie  best 
poeaible  distribution  of  the  load  at  all  times.  This  end  can,  how- 
ever, only  be  accomplished  by  having  a  very  Hexible  arrangement 
of  the  switchboard  connections  and  having  the  lighting  circuits 
planned  out  and  wired  bo  as  to  come  within  the  limit  of  the  ca- 
pacity of  the  various  anits. 

There  are  soma  twelve  iueandcscent  circuits  leaving  the  station, 
and  it  woald  appear  that  a  more  economical  adjustment  of  the 


Via.  IS.— Pratt  Street  StatioD,  Load  Curves.    Aug.  31.  and  Sept.  I.  1895, 


load  could  be  made  were  BufGcient  switchhoard  appliances  pro- 
vided. Id  epite  of  the  fact  that  the  load  on  the  plant  never 
reached  the  capacity  of  the  machines  in  operation,  some  of  the 
units  were  ucverthelese  overloaded  at  times,  and  in  one  instance 
alternator  A  was  overloaded  over  30  per  cent,  for  quite  a  while. 
It  woald  appear  from  glancing  over  the  records  that  engine 
No.  4  was  needlessly  operated  for  about  four  hours  on'  August 
31,  and  that  engine  No.  6  was  run  for  even  a  longer  period  on 
September  7  witboot  apparent  cause. 


»»  nOLDSBOROUGB  Oy  .'•TATIOy  TESTS-  TA|*  «, 

Thew  are  the  things  tfaftt  ndace  thr  efficiencr  of  s  plant. 
Tbaj  not  on\j  increase  the  Iomce  Ifetwsen  the  boilers  and  the  en- 
fpiiM  bnt  «1h>  the  loMM  betweco  the  engines  and  tha  switeb- 
board. 

8tatio!i  EooaoMT. 
7^e  Te«t$  of  the  Slaii/m  Lighting  Plant.— At  the  hmAinp 
implies,  the  matter  that  follows  deals  vitb  the  economy  attained 
by  the  various  i-qnipmvDts  in  the  engine  room,  taken  collertiTely. 
w  M  if  they  had  formed  bnt  one  anit.  A  1<^  of  the  hoon  of 
starting  up  and  stopping  the  engines  on  the  two  days,  npcHi  which 
tesb)  of  the  plant  were  made,  is  given  below  in  table  7.  Theduta 
in  tbe  table  only  refer  to  the  mnE  that  were  made  by  the  en- 


Street  SUtion,    Loftd  Curves.    Sc|>t,  T  and  8, 


jfiuoM  for  the  purpose  of  developing  cloctricitj  for  tlie  lighting 
oinuiitK;  it  does  not  include  the  "friction  nine."  It  will  be 
ii(>tic<;il  tliat  the  scliedules  upon  which  the  engines  were  operated 
were  very  miicti  the  same  on  both  days.  Tbe  only  differences 
of  any  importance  were  caused  by  iiitercbanging  the  hours  of 
(i|iorntiiig  engiiicK  Nus.  7  and  S. 

Tlio  hourly  records  of  the  total  indicated  and  electrical  power 
ihtvolopoil  by  the  station  machinery  are  given  in  the  graphical 
recordij  constructed  on  Figs.  15  and  16,     It  is  noticeable  tlwt  the 
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station  load  diagrame  bear  a  etrong  resemblance  to  the  load  dia- 
grams of  the  arc  lighting  plant  for  corresponding  days,  and  this 
is  especially  trne  of  the  load  curve  for  the  test  of  September  7. 
This  is  due  to  the  fact  that  the  differences  between  the  day  and 
night  loads  of  the  incandescent  plant  are  not  so  marked  as  are 
those  of  the  arc  plant.  The  station  load  diagrams  for  the  two 
days  are  also  very  much  like  one  another,  and  except  for  the  peaks 
on  the  curves  of  Sept.  7  and  8,  that  occur  between  7  and  8 
o'clock  in  the  evening,  the  curves  would  practically  coincide  if 
plotted  on  the  same  chart.     There  is  also  a  marked  similarity  in 

TABLE  7. 
Hours  of  Starting  akd  Stopping  Engines. 


August  31. 

September  7. 

No.  of 
Engine. 

Time  of 
Suiting. 

Time  of 
stopping. 

Duration  in 
hours. 

Time  of 
Starting. 

Time  of 
stopping. 

Duration  in 
hours. 

5:50?.  M. 

5:00  A.  M. 

II  16 

5:30  P.  M. 

5:10  A.  M. 

11.67 

7500  A.  M. 

X3»5        '* 

17.08 

7»o  A.  M. 

11  »5      ** 

17.08 

7:00      " 

ia»5      '* 

17.08 

7»o      " 

ia»5      ** 

17.08 

5»o      *' 

6»o      ** 

1.00 

5:10      " 

5:45      " 

•58 

7»o      '» 

7:20      " 

•33 

6:45  P.  M. 

1:3a      " 

6.78 

6:50  P.  M. 

lo^5  P.  M. 

3.92 

7:00  A.  M . 

ia:SS  A*  M- 

18.93 

7.-00  A.  M. 

ii:«3  P.  M. 

16.05 

6 

7:20      " 

10:55      " 

358 

7U)o      '* 

lao      " 

*-33 

7 

9:00  P.  M. 

11:45  P*  M. 

9.75 

6:30  P.  M. 

73*0  A.  M. 

13.5* 

8 

104s  A.  M. 

s:oo      •* 

3-35 

i:3o      " 

I3»0       ** 

11.00 

8 

4:35  P.  M. 

6:55  A.  M. 

14.50 

the  efficiency  curves  between  the  hours  of  9  A.  M.  and  12  P.  M. 
The  low  point  at  which  the  efficiency  curve  of  Fig.  16  begins  is 
due  to  the  light  load  on  the  arc  machinery  at  that  time.  The 
curve  in  Fig.  15  would  have  had  the  same  appearance,  probably, 
if  the  electrical  readings  from  the  arc  machines  No.  1,  2  and  3 
had  been  obtained  during  the  first  hour  of  the  run  of  Aug.  31. 

Between  9  A.  M.  and  5:45  P.  M.  the  i.  n.  p.  curve  rises  gradu- 
ally from  475  to  610  h.  p.  There  is  a  noticeable  drop  in  both  the 
load  and  efficiency  curves  at  noon  when  the  arc  motors  are  shut 
down,  since  the  efficiency  of  the  arc  plant  is  lowered  and  the 
effect  is  necessarily  transmitted  to  and  made  apparent  in  the  sta- 
tion curves.  During  the  day  the  efficiency  averages  about  67 
per  cent* 
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The  heavy  load  comes  on  the  station  between  6:30  and  7  P.  M. 
The  load  curves  are  rising  very  rapidly  at  this  time,  and  the  jump 
from  600  to  1800  n.  p.  takes  place  within  an  hour.  As  is  to  be 
expected,  the  efficiency  of  the  station  increases  as  the  load  comes 
on.  Between  7  o'clock  and  midnight  on  Aug.  31,  the  load  on 
the  engines  averages  over  1700  h.  p.  and  the  efficiency  of  conver- 
sion fully  73  per  cent.  The  efficiency  attained  on  Sept.  7, 
during  this  period  of  the  test  averages  about  the  same,  although 
it  is  to  be  noticed  that  during  the  very  height  of  the  load,  when 
thei.  H.  p.  averages  1900  h.  p.  the  efficiency  is  only  about  71.5 
per  cent. 

The  lowering  of  the  efficiency  during  the  very  heaviest  load  is 
rather  peculiar.  If  we  trace  it  back,  we  find  that  it  comes  from 
the  load  curves  of  the  arc  lighting  plant  and  it  can  finally  be 
traced  to  engine  No.  1.  At  this  time  it  will  be  remembered  en- 
gine No.  1  indicated  over  800  n.  p.,  but  an  examination  of 
the  records  shows  that  the  equipment  operated  by  this  engine 
reaches  its  maximum  efficiency  when  the  engine  indicates  about 
700  H.  p.  and  that  for  loads  above  this  value  the  efficiency  falls 
off. 

The  greatest  difference,  however,  between  the  efficiency  curves 
of  the  two  station  tests  occur  during  the  early  morning.  Be- 
tween 1A.M.  and  6  A.  M.  on  Sept.  1,  the  load  was  carried  by 
engines  Nos.  8  and  1.  Between  1  A.  M.  and  5  A.  M.  on  Sept. 
8,  the  load  was  carried  by  engines  Nos.  7  and  1 ;  and  the  varia- 
tion in  the  efficiency  is  largely  due  to  the  better  economy  attained 
by  the  equipment  driven  by  engine  No.  7  relatively  to  that  of 
the  equipment  driven  by  engine  No.  8.  The  variation  in  the 
efficiency  of  engine  No.  1,  on  the  two  mornings  is  also  marked, 
and  No.  8  is  really  only  about  half  responsible  for  the  drop  in 
the  curve. 

Summing  up  the  results,  it  appears  that: — 

Aug,  31.  Sept.  7. 

The  maximum  i.  H.  P.  developed  is 1663  1075 

The  maximum  b.  h.  p.  developed  is 1347  1431 

The  average  i.  h.  p.  developed  is 863  8d5 

The  average  E.  h.  p.  developed  is 601  629 

The  average  efllcioncy  of  conversion  is 68 .  10  68. 60 

The  average  efficiency  attained  is  excellent,  and  shows  that  the 
station  is  operated  far  more  efficiently  than  is  to  be  expected 
when  the  numerous  drawbacks  that  have  to  be  contended  with 
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are  remembered.  A  high  average  efficiency  means  much  more 
than  a  high  "apparent"  or,  more  properly  perhaps,  a  high 
"commercial"  efficiency.  A  high  aA)erage  efficiency  means  that 
the  plant  is  working  economically  aU  the  time,  for  a  low  efficiency 
of  conversion  maintained  for  a  very  few  hours  will  play  havoc  with 
the  average  efficiency  for  the  day. 

As  an  example  of  this  it  is  worth  while  to  recall  the  average 
efficiency  of  73  per  cent,  maintained  by  engine  No.  5  for  a 
period  of  16  hours  on  Sept.  7.  The  apparent  or  commercial  effi- 
ciency of  this  equipment  was  also  73  per  cent.  A  low  a/verage 
efficiency  means  that  the  plant  is  working  uneconomically  all  the 
time  or  very  uneconomically  part  of  the  time.  As  an  example 
of  this,  it  is  only  necessary  to  turn  to  the  test  of  the  arc  lighting 
plant  for  Sept.  7.  The  commercial  efficiency  developed  by  this 
plant  was  68.31  per  cent,  and  the  average  efficiency  of  the  plant 
was  62  per  cent. 

The  commercial  efficiency  of  the  station  on  Aug.  31,  was  70 
per  cent,  and  the  commercial  efficiency  on  Sept  7,  was  71  per 
cent.  These  figures  speak  for  themselves,  and  are  values  not 
often  attained  with  the  prevailiug  central  station  methods. 

As  regards  the  distribution  of  the  load  on  the  station  through- 
out the  entire  24  hours  it  is  interesting  to  note  that  42  per  cent, 
of  the  total  watt-hour  output  of  the  station  is  developed  during 
the  five  hours  preceding  midnight.  The  remaining  67  per  cent, 
is  distributed  fairly  evenly  over  the  rest  of  the  day.  During  the 
heavy  load  8.6  per  cent,  of  the  total  daily  output  of  the  station 
is  developed  per  hour,  while  during  the  other  portions  of  the  day 
only  about  3  per  cent,  per  hour  is  developed. 

The  Engines  and  Dynamos : — A  review  of  the  results  ob- 
tained during  the  tests  of  the  machinery  in  the  engine  room  will 
necessarily  involve  numerous  comparisons. 

In  table  9  a  complete  summary  is  given  of  the  economic  per- 
formance of  all  the  equipments  and  of  the  station. 

These  results  have  been  collected  from  the  data  given  in  the 
reports  on  the  several  equipments,  and  the  quantities  tabulated 
are  primarily  based  upon  measurements  taken  from  the  indicator 
cards. 

In  the  case  of  engine  No.  1,  however,  the  water  consumption 
is  based  upon  the  results  of  the  special  test  made  upon  it  on  Sept. 
1,  and  the  values  given  for  the  water  economy  of  the  station  are 
deducted  from  the  general  results  of  the  tests  as  follows : 
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TABLE  8. 
STATION  ECONOMY. 


Items. 


t.     Pounds  of  water  actually  evaporated  corrected    for 
moisture 

a.     Pounds  water  actually  evaporated  per  hour  corrected 
for  moisture 


3.    Pounds  of  dry  coal  actually  fired  to  the  boilers. 


4.     Pounds  of  dry  coal  actually  fired  to  the  boilers  per 
hour 


5.    Average  i.  h.  p.  developed  by  auKines. 


6.    Average  b.  h.  y.  developed  by  dynamos. 


7.    Commercial  efficiency. 


8.    Average  pounds  water  per  1.  h.  p.  per  hour. 


9.    Average  pounds  coal  per  1.  h.  p.  per  hour. 


10.    Watt-hour  output  per  lb.  of  coal . 


Aug.  31. 


5»3304 
21390 
71506 

2980 

862.8 


69.68 


94.79 


3-454 


«50-5 


Sept.  7. 


5"U9« 
71330 
72667 

2985 
885.3 


71. It 
•4.90 

3.37a 
»57-3 


Keferring  to  table  8,  items  1  and  8  were  taken  from  the  boiler 
reports,  and  items  5  and  0  are  the  averages  of  the  total  horse- 
power records.  The  commercial  efficiency  is  the  ratio  of  the 
average  r.  h.  p.  to  the  average  i.  h.  p.  and  it  is  made  use  of  in 
deriving  item  10  from  item  9.  In  table  9  the  "  pounds  of 
coal  per  i.  h.  p.  per  hour"  are  obtained  by  dividing  the  "  pounds 
of  water  per  i.  h.  p.  per  hour"  by  the  economic  evaparation  of 
the  boilers.  The  watt-hour  out])ut  is  obtained  from  the  **  coal 
per  I.  H.  p."  as  stated  above. 

Table  9  also  contains  the  average  results  of  the  horse-power 
records,  the  average  efficiencies  of  conversion,  the  commercial 
efficiencies  of  all  the  equipments  of  the  arc  and  incandescent 
lighting  }>1ants  and  of  the  station.  It  is  an  interesting  fact  that 
a  comparison  of  the  *' average"  and  ''commercial"  efficiencies 
shows  in  every  case  whether  or  not  there  is  a  great  variation  in 
the  hourly  efficiency  of  conversion  of  an  equipment. 

Table  9  also  contains  a  com])arison  of  the  actual  average  water 
consumption  per  i.  h.  p.  per  hour,  with  the  average  water  con- 
sumption of  the  engines  per  i.  n  p.  per  hour  calculated  upon  the 
basis  of  the  water  consumption  of  the  engines  determined  from 
the  indicator  cards,  and  the  j)er  cent,  of  the  total  output  of  the 
station  developed  by  the  corresponding  equipments. 
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The  calculated  average  water  consumption  per  i.  h.  p.  per  hour 
for  August  31  is  31.18  pounds  of  water  which  is  20.60  per  cent, 
greater  than  the  actual  average  water  consumption.  The  calcu- 
lated result  for  September  7  is  28.66  pounds  of  water  per  i.  h.  p. 
per  hour,  which  is  1 6  per  cent,  higher  than  the  actual  water  con- 
sumption. 

The  differences  between  the  actual  and  calculated  values  are 
partly  due  to  the  fact  that  the  water  consumption  of  the  engines 
was  not  constant  for  all  loads  as  it  is  assumed  to  be,  since  the 
water  consumptions  were  figured  from  cards  that  showed  an  in- 
dicated power  equal  to  the  average  indicated  power  of  the  en- 
gines. It  must  also  be  remembered  that  the  amounts  of  the 
leakage  that  was  present  in  the  cylinders  and  valves  of  engines 
No.  1  and  No.  8,  are  quantities  that  undoubtedly  varied  at  times. 
The  comparison  is  valuable  since  it  shows  that  the  water  eon- 
sumption  credited  to  the  engines  is  at  least  not  too  low. 

The  general  summary  contained  in  the  table  just  described 
shows  that  the  greater  part  of  the  output  of  the  incandescent  plant 
was  carried  by  its  most  efficient  units,  engines  5  and  7,  and  that 
consequently  the  average  commercial  efficiency  and  water  econ- 
omy of  the  incandescent  plant  are  higher  than  the  corresponding 
results  for  the  arc  plant.  *  Although  the  incandescent  plant  de. 
veloped  52.7  per  cent,  of  the  total  output  of  the  plant,  it  required 
only  about  42  per  cent,  of  the  total  amounts  of  water  and  coal 
that  were  used  on  August  31 .  On  September  7,  owing  to  the 
fact  that  engine  No.  8  was  not  operated  for  so  long  a  time  and 
engine  No.  7  substituted  for  it,  the  economy  of  the  plant  is  even 
better  and  apparently  it  consumed  only  40  per  cent,  of  the  coal 
and  water,  while  at  the  same  time  it  developed  a  commercial 
efficiency  of  73.8  per  cent. 

The  arc  lighting  plant  necessarily,  in  view  of  what  has  just 
been  said,  suffers  by  comparison  with  the  incandescent  lighting 
plant.  The  great  difference  in  the  economy  is  due  to  the  fact 
that  the  arc  lighting  equipment  is  working  at  a  disadvantage  from 
every  point  of  view.  Not  only  is  the  electrical  efficiency  of  arc 
lighting  dynamos  lower  than  that  of  incandescent  machines,  but 
the  additional  shafting  and  belting  necessary  for  their  operation 
introduces  still  other  disturbing  elements.  When  to  these  things 
is  added  the  fact  that  the  engines  themselves  are  relatively  less 
efficient  than  the  engines  driving  the  incandescent  machinery,  it 
is  not  surprising  that  they  do  not  make  a  better  showing.     The 
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mere  fact  that  enfi^ne  No.  1,  which  operates  an  equipment  de- 
veloping 36  per  cent,  of  the  total  output,  requires  over  80  pounds 
of  water  per  i.  h.  p.  per  hour,  is  sufficient  to  explain  any  differ- 
ence in  economy. 
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The  effect  that  the  engines  have  upon  the  average  water  con- 
sumption of  the  station  is  very  well  illustrated  in  I'igs.  3  and  4. 

In  the  mornings  when  engines  2,  3,  6  and  5  are  in  operation, 
the  water  rale  averages  32  pounds  of  water  per  i.  h.  p.  per  hour 
on  August  31,  and  28  pounds  per  i.  h.  p.  per  hour  on  September 
7.  The  difference  is  due  to  the  fact  that  the  morning  load  was 
lighter  on  September  7  than  on  August  31,  and  consequently  the 
engines,  especially  engines  2  and  3,  were  relatively  less  efficient. 

During  the  latter  part  of  the  test  of  August  31,  the  water  rate 
falls  to  about  21.5  pounds  per  i.  n.  r.  per  hour,  which  is  a 
remarkably  good  showing  and  indicates  that  some  of  the  engines, 
probably  Nos.  5  and  7,  were  operating  very  efficiently.  At  the 
same  time  on  September  7  the  water  rate  is  somewhat  higher. 
It  averages  fully  22.5  pounds  of  water  to  the  horse-power,  and 
the  difference  is  probably  due  to  the  fact  that  engine  No.  1  re- 
quired more  water  proportionally  on  the  latter  night  owing  to  its 
heavier  load. 

The  coal  economy  can  hardly  be  approximated  from  the  curves 
owing  to  the  fact  that  they  are  so  very  irregular.  If  it  were 
possible  to  have  the  firing  done  constantly  and  regularly  it  might 
then  be  possible  to  obtain  more  uniform  results  for  plotting  pur- 
poses, but  where  it  is  only  done  at  intervals,  "  when  the  fires 
seem  to  need  more  coal,"  very  regular  results  cannot  be  obtained. 

It  may  be  interesting,  in  connection  with  this  review,  to  esti- 
mate what  maximum  economy  could  be  secured  under  the  most 
favorable  conditions  which  it  is  probable  could  be  obtained  at  the 
station. 

If  we  assume  that  the  boilers  in  service  are  kept  loaded  to  their 
full  capacity,  they  will  probably  develop  an  economic  evaporation 
of  10  pounds  of  water  per  pound  of  coal.  This  figure  is  slightly 
less  than  the  actual  evaporation  per  pound  of  coal  developed  by 
boilers  6,  7  and  8  on  the  night  of  September  7.  Furthermore,  if 
the  engines  and  dynamos  are  kept  up  to  the  point  of  their  maxi- 
mum efficiency ;  if  there  are  no  leaks  in  the  valves  or  past  the 
pistons  of  the  engines,  if  the  governors  and  valves  are  properly 
adjusted  to  give  the  most  economical  distribution  of  the  steam 
between  the  cylinders  of  the  engines,  if  the  dynamos  are  kept  in 
good  order,  with  well  balanced  annatures,  low  resistance  contacts 
and  sparkless  commutation,  and  if  good  lubrication  is  maintained 
and  all  line  shafts  and  bearings  are  kept  properly  lined  up,  then 
an  economy  such  as  is  outlined  in   table  10  may  possibly  be 
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secured.  This  table  represents  the  high- water  mark  of  economy 
of  the  station.  It  may  be  thought  that  the  values  given  are 
rather  extreme,  and  that  the  percentage  increase  represents  an 
impossible  gain  in  economy,  and  yet  it  can  be  demonstrated  that 
there  are  power  plants  of  similar  and  even  smaller  capacity  that 
are  giving  better  results  than  these  figures  indicate.  The  plants 
referred  to  are  not,  however,  electric  lighting  plants.  It  must 
furthermore  be  remembered  that  a  very  large  proportion  of  this 
increase,  in  fact  40  odd  per  cent,  of  it  would  be  due  to  the 
increased  economic  evaporation  of  the  boilers,  and  it  cannot  for  a 
moment  be  questioned  but  that  the  station  economy  has  been 
greatly  improved  in  this  direction. 

TABLE  10. 
Maximum  Economy. 


No   of 
Engine. 

Average 
1.  If.  p. 

Average 
K.  H.  p. 

Average 

efficiency  of 

conversion. 

Lbs.  water 

per  1.  H.  p. 

per  hour. 

Pounds  coal 

per  1.  H.  p. 

per  hour; 

Watt-hour 
output  per 
lb  uf  coal. 

Per  cent,  in- 

creaae  in 

output. 

1 

6oo 

4ao 

74.0 

18 

1.8 

307 

167 

a 

170 

i3» 

77.0 

a8 

a.8 

ao5 

75. 

3 

«35 

103 

76.0 

30 

3.0 

180 

5«- 

4 

«45 

106 

73  0 

at 

a.x 

959 

too. 

5 

ate 

aoi 

77.3 

19 

«.9 

303 

76. 

6 

«45 

X06 

73 -o 

at 

s.x 

259 

66. 

7 

•70 

act 

75.0 

>9 

X.9 

394 

63. 

8 

a6o 

aoi 

77.3 

19 

x.y 

303 

13a. 

In  the  report  ])re8ented  to  the  National  Electric  Light  Astat- 
ciation  on  May  7,  1890,  by  its  committee  on  data,  attention  is 
called  to  the  fact  that  in  a  recent  statement  of  the  economy  of  the 
Chestnut  Hill  Pumping  Station,  at  Boston,  it  was  found  that  in 
actual  water  lifted,  a  horse -power  was  produced  by  the  consump- 
tion of  1.34:  pounds  of  coal.  Assuming  that  the  efficiency  of 
pumps  compares  favorably  with  the  efficiency  of  generators,  and 
making  no  allowance  for  variation  in  load,  one  pound  of  anthra- 
cite coal  used  with  the  same  economy  in  electrical  work  should 
produce  557  watt-hours.  Although  it  is  not  to  be  forgotten  that 
the  economy  reported  for  the  pumping  station  was  obtained 
under  most  favorable  conditions,  with  dry  high  pressure  steam 
and  multiple  cylinder  engines,  and  although  the  relative  condi- 
tions under  which  it  and  the  present  tests  were  made  are  not  at 


1898.]  GOLDBBOROVOn  ON  STATION  TSST8.  219 

all  comparable,  the  fact  still  remains  that  the  report  represents 
an  economy  of  400  watt-honrs  per  pound  of  coal  over  and  above 
the  economy  of  the  Pratt  Street  Station,  or  in  other  words  it 
represents  an  increased  economy  of  255  per  cent. 

Now  under  tlie  conditions  outlined  in  table  10  the  station 
would  develop  an  economy  of  about  300  watt-hours  per  pound  of 
coal.  This  would  be  an  increase  of  91  per  cent,  over  its  present 
economy  and  certainly  represents  a  result  worth  striving  for. 

l^ow  that  we  have  discussed  what  the  station  could  do  under 
favorable  conditions,  let  us  see  what  it  does  do  under  actual,  con- 
ditions in  comparison  with  other  central  stations  of  the  coun- 
try. This  side  of  the  situation  is  certainly  as  interesting  as  the 
other,  since  it  brings  us  into  immediate  touc^  with  the  commer- 
cial competitors  with  whom  the  station  has  to  contend. 

For  tliis  purpose  we  cannot  do  better  than  turn  again  to  the 
report  of  1896  of  the  committee  of  the  National  Electric  Light 
Association.  The  information  published  is  certainly  not  below 
the  economy  of  the  stations  represented,  as  contributors  would 
tend  to  over-rate  rather  than  under-rate  their  equipments  in  gaug- 
ing their  output ;  and  again,  we  have  the  statement  of  the  com- 
mittee to  the  effect  that  although  it  realizes  '^  that  in  the  case  of 
alternating  currents  the  product  of  the  amperes  times  the  volts 
may  not  give  the  absolute  watts,  this  method  has  been  considered 
sufficiently  accurate  for  this  work."  Of  course  "  this  method  " 
increases  the  figure  for  the  watt-hour  output  above  its  true  value. 

It  is  also  certain  that  the  statements  contained  in  the  report 
have  been  obtained  from  thoroughly  representative  plants,  as 
their  watt-hour  per  day  output  is  too  large  for  them  to  be 
otherwise. 

Referring  to  the  data  contained  in  the  report  we  find  that 
the  Pratt  Street  Station  stands  i5th  in  the  order  of  the  merit  of 
producing  the  greatest  watt-hour  output  per  pound  of  coal ;  15th 
in  a  list  of  82  stations  represented.  Of  the  14  stations  that  give 
a  better  record  of  economy  only  3  have  a  greater  watt-hour  out- 
put per  day.  Of  all  the  [)lante  represented  7  have  greater  watt- 
hour  outputs  per  day.  "  The  average  efficiency  of  the  81  reports 
using  coal  as  fuel  is  108  watts-hours  per  pound  of  coal,"  and  the 
Pratt  Street  Station  shows  an  economy  of  45  per  cent,  in  excess 
of  this  figure.  One  station,  that  has  a  watt  hour  per  day  output 
of  3207392  watt-hours,  reports  an  economy  of  287  watt-hours 
per  pound  of  coal.  The  Pratt  Street  Station  develops  05  per 
cent,  of  this  economy. 
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The  average  watt^hour  output  of  all  the  14  plants  that  show  a 
greater  economy  than  the  Pratt  Street  Station  is  175  watt-hoars 
per  pound  of  coal,  and  the  Pratt  Street  Station  develops  90  per 
cent,  of  this  economy. 

All  the  plants  that  make  a  better  showing  than  the  subject  of 
this  paper  seem  to  be  better  equipped  from  an  economic  stand- 
point. 

Of  the  fourteen,  three  are  equipped  with  triple  expansion  con- 
densing engines ;  six  are  equipped  with  compound  Corliss  con- 
densing engines;  one  is  equipped  with  simple  oondensing 
Corliss,  and  high  speed  compound  condensing  engines  belted 
direct  to  dynamos :  three  are  equipped  with  high  speed  com- 
pound condensing  engines  belted  direct  to  dynamos;  and  one 
with  simple  high  speed  condensing  engines,  belted  direct  to  the 
dynamos.  As  regards  their  electrical  machinery,  two  are 
equipped  with  direct  connected  multipolar  dynamos;  three  are 
equipped  with  alternating  current  dynamos;  one  is  equipped 
with  bi-polar  dynamos  belted  from  jack  shaft ;  and  in  the  copy 
of  the  report  that  I  have  the  others  are  not  designated.  In  five 
of  these  plants  water  tube  boilers  are  used  alone ;  in  two  of  them 
water  tube  and  horizontal  tubular  boilers  are  used ;  and  in  the 
others  horizontal  tubular  boilers  are  used  alone. 

It  will  be  noted  that  the  engines  of  the  above  mentioned 
plants  are  condensing,  and  it  will  be  interesting  now  to  review 
the  non-condensing  plants. 

Of  the  82  plants  reported  upon,  44  of  them  are  operated  with 
non-condensing  engines.  Of  these,  a  number  seem  to  be  very 
well  equipped.  For  instance,  two  are  reported  having  compound 
Corliss  and  high  speed  compound  engines,  water  tube  boilers 
and  alternating  current  dynamos.  Six  others  are  reported  as 
having  high  speed  compound  engines,  with  various  types  of  dy- 
namos and  boilers,  and  in  only  one  of  them  do  the  dynamos  seem 
to  be  belted  from  jack-shafts. 

In  speaking  of  the  plants  that  are  running  with  non-condensing 
engines,  the  committee  makes  the  following  comparison  : 

"  In  engine  efficiency,  eight  stations  report  the  water  consump- 
tion per  I.  H.  p.  The  triple  expansions  lead  in  economy,  report 
80  showing  a  consumption  of  15.5  pounds,  and  report  3  showing 
18  pounds  of  water  per  i.  h.  p.;  these  comparing  reasonably  with 
report  29,  where  an  i.  h.  p.  is  produced  by  non-condensing 
•ngiues  with  26  pounds  of  water."' 
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In  the  Pratt  Street  SUition  a)i   ijidicatal  home  i>owcr  in  de 
veloped  with  2\ pounds  of  water. 

The  committee  further  sajs : 

*'*'  Attention  is  called  to  the  reports  from  plants  running  with 
non-condensing  engines,  in  which  report  26  is  ahle  to  show  121) 
watt-hours  per  pound  of  coal ;  report  32,  113  watt-hours;  report 
33,  109  watt-hours ;  report  37,  100  watt-hours ;  and  report  38, 
95  watt-hours." 

Th4i  Pratt  Street  St<ition  sJunos  an  economy  of  157  watt-houra 
per  poumi  of  coal,  and  develops  an  econojuy  22  jHir  cent,  in 
cxce^  of  the  best  showimj  tmule  by  the  44  plants  runnimj  with 
non-condensi/ntj  engines. 


A  Papgr  pr€S9nU^  at  the  124th  Mettinf^  oj  the 
American  itutitute  0/  Electrical  Engineers^ 
New  York,  A^ril  rfthy  iSqS,  Mr.  H.  Ward 
Leonard  in  the  Chair. 
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If  further  proof  were  needed  of  the  very  high  thermo-electric 
power  of  metals  in  contacts  with  electrolytes,  a  very  striking  and 
conclusive  proof  may  be  found  in  the  following  experiments. 

The  apparatus  consists  of  a  fused  mass  of  caustic  potash  or  soda 
maintained  at  a  temperature  of  500°  to  800°  C.  into  which  two 
conducting  rods  are  inserted,  both  of  the  same  metal  aTid  as 
nearly  alike  as  possible  in  every  respect  except  form.  One  of 
the  rods,  marked  b  in  Figs.  1  and  2,  is  of  cylindrical  form.  The 
other,  marked  a,  is  in  the  form  of  a  cylinder  having  a  deep  recess 
cut  or  turned  out  near  one  end,  leaving  at  the  end  a  short 
cylindrical  head  attached  to  the  rod  by  a  very  narrow  stem. 

In  order  to  obtain  two  pieces  of  metal  having,  as  nearly  as 
possible,  the  same  molecular  structure  and  chemical  composition, 
a  uniform  rod  of  Bessemer  steel  ^\  inch  in  diameter  and  two 
feet  long,  was  cut  in  two  equal  parts.  The  severed  ends  which 
were  originally  together  at  the  middle  of  the  rod  are  turned 
smooth  and  flat  to  form  the  lower  or  contact  ends  of  the  rods,  a 
and  B,  shown  in  Figs.  1  and  2.  The  head  formed  on  the  end  of 
K\%\  inch  long  and  the  stem  by  which  it  is  attached  is  half  an 
inch  long  and  ^  inch  in  diameter  The  two  rods  thus  prepared 
are  held  parallel  to  each  other  and  about  \  inch  apart  in  a 
wooden  clamp  with  their  ends  in  the  same  plane  at  right  angles 
to  their  axes. 

The  rods  are  now  inserted  in  a  vertical  position  to  a  depth  of 
^  inch  into  the  fused  caustic  alkali.  The  surface  of  the  fused 
alkali  should  come  above  the  hcHcl  of  the  rod,  a,  but  not  above  the 
stem,  as  shown  in  Fig.  2.     The  cup  used  in  this  experiment  to 
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liuM  the  molten  alkali  ts  of  sheet  eteel  about  two  inchee  in 
diameter  and  three  inches  deep.  The  rods  are  inserted  in  the 
center  of  the  cup,  in  order  that  the  temperature  and  chemical 
composition  of  the  mass  of  alkali  immediatelj'  surrounding  the 
rods,  as  well  as  the  temperature  of  the  air  surrounding  them  may 
he  AB  nearly  homogeneous  an  possible.  By  these  precautions  all 
effects  of  every  nature  are  eliminated,  except  such  as  may  be  due 
to  the  difference  in  temperature  between  the  submerged  ends  of 
the  two  rods  caused  by  their  diSercuce  in  form,  which  enables 
the  rod,  ii,  to  get  rid  of  its  communicated  heat  by  conduction 
more  rapidly  than  the  rod,  A.  The  temperature  of  the  alkali  is 
maintained  at  about  700°  C.  After  the  rods  have  remained  in 
the  melted  alkali  a  few  minutes  and  the  room  has  been  darkened. 


Ii 


I 


they  are  quickly  withdrawn  for  inspection.  The  cylindrical 
head  on  the  rod,  a.,  ia  seen  to  be  at  a  aniform  bright  red  heat, 
while  the  rod,  b,  is  only  perceptibly  dull  red  at  the  extreme  end. 
The  difference  in  temperature  between  the  cylindrical  head  of  a 
and  the  hottest  part  of  b  is  probably  not  less  than  100°  0.  The 
reason  for  this  difference  in  temperature  is  apparent.  The 
narrow  stem  of  a  conducts  heat  away  very  slowly,  while  the  rod, 
B,  of  uniform  diameter  conducts  away  its  heat  with  a  rapidity 
many  times  greater.  Aasnming  that  both  rods  receive  heat  from 
the  surrounding  liquid  initially  at  the  same  rate  per  unit  of  sur- 
face, the  head  of  rod,  a,  must  become  much  hotter  than  any  part 
of  B,  since  it  has  a  relatively  larger  surface  of  contact  with  the 
communicating  liquid  aud  loses  its  heat  by  conduction  maeh 
more  slowly. 
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In  this  arnrngement  we  have  two  pieces  of  metal  as  nearly 
alike  as  possible  in  chemical  composition  and  molecular  structure, 
subjected  to  the  same  conditions  in  all  respects,  except  that  the 
temperature  of  one  at  its  junction  with  the  electrolyte  is  higher 
than  the  temperature  of  the  other  at  its  junction  with  the 
electrolyte.  In  other  words,  the  electrolyte  has  one  hot  and  one 
cold  junction  with  pieces  of  the  same  metal  inserted  in  it  to  the 
same  depth  and  subjected  as  far  as  known  to  no  other  disturbing 
influences. 

This  arrangement  gives  an  electromotive  force,  varying  with 
the  temperature  and  constitution  of  the  electrolyte  between  —  0.2 
volt  and  +  1  v^'*-  The  difference  in  temperature  between  the 
two  junctions  evidently  increases  with  the  temperature  of  the 
fused  alkali,  being  zero  when  the  temperature  of  the  communi- 
cating liquid  is  the  same  as  that  of  the  surrounding  air.  The 
difference  in  temperature  between  the  junctions  increases  rapidly 
for  a  certain  period  from  the  beginning  of  the  experiment, 
while  the  rod,  b,  is  comparatively  cold  and  capable  of  dissipating 
heat  rapidly  and  while  the  temperature  of  a  is  rapidly  rising. 
Following  this  will  be  a  period,  during  which  the  difference  in 
temperature  between  the  junctions  will  diminish  until  both  rods 
attain  throughout  their  entire  lengths  the  maximum  temperatures 
they  are  capable  of  attaining  under  the  conditions. 

I  have  previously  shown  *  some  of  the  peculiar  variations  of 
electromotive  force  under  changes  of  temperature  and  alterations 
in  the  constitution  of  the  electrolyte,  which  are  exhibited  in  a 
cell  consisting  of  an  iron  cup  containing  fused  alkali  as  one 
electrode  and  an  iron  or  other  conducting  rod  inserted  in  the 
alkali  as  the  other  electrode.  In  that  apparatus  the  iron  cup 
imparted  heat  to  the  alkali  and  the  alkali  imparted  heat  to  the 
rod.  From  this  circumstance  it  follows  that  the  junction  of  the 
electrolyte  with  the  iron  cup  is  necessarily  hotter  than  the 
junction  of  the  electrolyte  with  the  rod.  The  cup,  being  the 
hotter  of  the  two  pieces  of  iron  in  that  experiment,  should  act  in 
the  same  qualitative  manner  as  the  rod,  a,  in  the  experiment 
illustrated  in  Fig.  2  above,  a  being  the  hotter  of  the  two  rods. 
But  the  difference  in  temperature  between  the  two  rods,  a  and  b, 
can  never  be  as  great  as  the  difference  between  that  of  the  heated 
cup  and  that  of  the  rod,  b.     These  conclusions  are  entirely  con- 

1  See  BUciHeal  World,  July  26,  1896. 
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firmed  by  the  experiment,  the  rod,  a,  acting  in  the  same  manner 
aa  the  cup,  with  the  exception  that  the  electromotive  force 
obtained  from  it  is  not  so  great. 

In  attempting  to  explain  the  electromotive  force  developed 
ibetweeii  the  heated  cup  and  the  inserted  rod  aa  a  result  of 
chemical  action,  some  have  resorted  to  the  argument  that  the 
upper  layers  of  the  liquid  may  have  an  affinity  for  iron  different 
from  that  of  the  lower  layers,  assuming  that  oxidation  of  iron  in 
the  upper  layers  causes  reduction  of  iron  in  the  lower  layers  and 
at  the  same  time  evolves  electrical  energy.  The  experiment  with 
the  two  rods  inserted  to  equal  depths  evidently  leaves  no  room 
for  such  an  argument,  aside  from  its  inherent  absurdity.  As  a 
matter  of  fact  there  is  no  evidence  of  the  existence  of  any  such 
layers  of  varying  chemical  composition,  the  entire  mass  being 
continually  stirred  up  by  rapid  convection  currents  like  boiling 
water.  The  same  results  are  obtained  even  when  the  rods  extend 
to  within  a  millimeter  of  the  bottom  of  the  cup.  I  have  also 
obtained  an  electromotive  force  of  nearly  one  volt  between  the 
cup  and  an  inserted  iron  rod  when  the  rod  actually  rested  on  the 
bottom  of  the  cup,  metallic  contact  being  prevented  only  by  a 
thin  film  of  oxide  or  of  the  electrolyte. 

Admitting  that  the  chemical  affinity  between  hot  iron  and  the 
electrolyte  is  undoubtedly  different  from  that  between  cold  iron 
and  the  electrolyte,  no  energy  could  be  evolved  in  any  form  due 
to  this  differential  affinity,  except  energy  derived  from  the  heat 
of  the  furnace,  since  the  existence  of  this  differential  affinity 
depends  only  upon  the  difference  in  temperature.  To  suppose 
that  the  electrical  energy  of  this  cell  is  derived  from  chemical 
action,  involves  the  assumption  that  iron  has  a  greater  affinity 
than  iron  for  oxygen,  or  that  oxygen  will  select  and  combine  with 
one  of  two  similar  pieces  of  iron  while  it  dissociates  from  the 
other,  and  the  further  assumption  that  such  a  process  will  evolve 
energy.  If  this  is  possible,  it  can  be  possible  only  because  of  the 
difference  in  temperature,  which  in  turn  can  be  maintained  only 
by  a  constant  expenditure  of  heat  from  the  furnace.  Otherwise 
we  should  have  an  inexhaustible  source  of  energy.  If  oxygen 
can  evolve  energy  by  leaving  one  piece  of  iron  and  combining 
with  another,  it  may,  with  equal  rea^son,  leave  the  second  and 
re-combine  with  the  first,  evolving  an  equal  amount  of  energy, 
and  there  would  be  no  limit  to  the  number  of  such  reversals,  all 
evolving  energy. 
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The  experiment  shows  that  the  rods,  a  and  b,  evolve  electrical 
energj  and  exhibit  a  higli  electromotive  force  under  circnmstancee 
that  are  identical  in  all  respecti  except  temperature,  and  that  the 
action  is,  therefore,  thermo-electric. 

The  experiment  may  be  varied  by  using  two  rods  in  the  form 
of  B.  In  this  experiment  there  is  no  evidence  of  elactromotivo 
force  when  the  rode  are  in  a  vertical  podition,  80  that  both  are 
equally  heated  by  the  electrolyte,  as  shown  in  Fig,  3.  Upon 
inclining  the  rods  so  that  one  barely  makes  contact  with  the 
electrolyte,  while  the  other  extends  about  a  quarter  of  an  inch 
below  the  sorface,  as  shown  in  Fig.  4.  the  rods  acquire  a  con- 
siderable difference  in  temperature,  which  is  clearly  indicated  to 
the  eye,  one  being  distinctly  red  and  the  other  black.  At  the 
same  time   an  electromotive  force  is  developed,  which  in  some 


expcrimenta  has  reached  as  high  as  0.6  volt.  Upon  reversing  the 
position  of  the  rods,  so  that  the  hot  one  becomes  cold  and  the 
cold  one  hot,  the  direction  of  the  electromotive  force  slowly 
reverses.  This  reversal  I  have  found  may  be  repeated  indefinitely, 
providad  the  other  conditions  of  the  experiment  are  maintained. 

Rods  of  carbon,  copper  and  various  other  metals  may  be 
substituted  for  the  iron  rods,  and  other  electrolytes  aubstituted 
for  the  caustic  alkali.  In  all  cases  similar  results,  differing  only 
in  degree,  are  obtained.  Many  of  these  results  are  highly 
interesting  and  will  be  deroribed  later  in  detail. 

The  changes  in  the  constitution  of  the  alkali  hydrate,  which 
take  place  during  its  gradual  dehydration  have  not  yet  been 
detinitely  determined.  It  is  quite  certain  that  these  changes 
have  a  marked  effect  on  the  thermo-electric  power  of  the  cell. 
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If  any  current  be  allowed  to  flow,  the  electrolytic  action  of  the 
current  immediately  causes  the  formation  of  oxide  of  iron  at  one 
electrode  and  the  reduction  of  previously  existing  oxide  of  iron 
at  the  other  electrode.  This  necessarily  produces  a  change  of 
chemical  composition  in  the  electrolyte  adjacent  to  the  electrodes 
or  on  the  surface  of  the  electrodes  themselves. 

As  long  as  oxide  of  iron  remains  dissolved  in  the  electrolyte 
and  in  contact  with  the  electrodes  in  sufficient  quantity  to  transmit 
the  current,  the  electrolytic  action  will  neither  absorb  nor  evolve 
energy,  since  the  amount  of  iron  oxidized  at  one  electrode  will 
be  equal  to  the  amount  reduced  at  the  other.  The  resistance  of 
the  electrolyte  as  a  conductor  only  will  cause  a  fall  of  the  potential 
difference  on  closed  circuit.  If  no  oxide  of  iron  is  present  in  a 
dissolved  condition  in  the  electrolyte  and  if  there  is  none  on  the 
surface  of  the  hydrogen  electrode  available  for  reduction,  the 
current  can  no  longer  flow  without  reducing  some  other  constituent 
of  the  electrolyte,  such  as  sodium  or  hydrogen.  In  other  words, 
a  counter-electromotive  force  or  "  polarization  "  ensues. 

It  was  found  by  Deville  ^  that  sodium  hydrate  does  not  de- 
compose at  any  temperature  into  water  and  sodium  oxide,  but 
at  about  1100°  C.  it  decomposes  into  sodium,  hydrogen  and 
oxygen.  If,  therefore,  a  condition  should  ensue,  in  which  no 
oxide  of  iron  is  available  for  reduction  while  the  current  continues 
to  flow  and  ferric  oxide  continues  to  form  at  the  oxygen  electrode, 
the  electro-chemical  reaction  would  be 

3JVaOII+2Fe  =  Fe20s  +  ^  Na  +  ZH. 
This  reaction  could  take  place  electrolytically  at  ordinary  tem- 
peratures by  the  absorption  of  115,000  calories,  corresponding  to 

a  counter-electromotive  force  of  — \  ^  ^   =  0.82   volt.      At 

6  X  23,240 

the  temperature  of  500°  C,  at  which  the  thermo-electromotive 
force  of  the  cell  is  about  1  volt,  the  reaction  would  absorb 
approximately  72,000  calories,  corresponding  to  a  counter- 
electromotive  force  of  —  — ? =  0.52  volt. 

6  X  28,240 

There  is  reason  to  believe  that  this  condition  of  the  electrolyte 
does  actually  ensue  at  a  certain  stage  of  the  experiment  when 
the  circuit  is  closed,  and  under  certain  conditions  metallic  sodium 
may  be  evolved  in  considerable  quantities  at  the  inner  surface  of 


1  Catnptes  Rendus,  xlv.  659. 
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the  cup.  The  raaximum  quantity  of  iron  that  can  be  dissolved 
in  the  fused  caustic  alkali  is  yery  small,  and  this  appears  to  be 
held  in  solution  only  while  there  is  present  more  water  than 
corresponds  to  the  formula  for  the  alkali  hydrate.  This  excess 
of  water  is  driven  off  very  slowly,  the  last  trace  leaving  only  at 
a  temperature  above  500^  C. 

liebenow  and  Strasser  '  found  that  when  the  alkali,  fused  in 
an  iron  cup,  reaches  a  temperature  of  about  550^  C.  after  pro- 
longed heating,  it  undergoes  a  radical  change  in  properties, 
changing  color  from  green  to  dark  brown  and  simultaneously 
absorbing  heat  and  causing  its  own  temperature  to  be  temporarily 
reduced.  With  this  change  in  the  electrolyte  the  electromotive 
force  undergoes  a  sudden  change  of  about  one  volt. 

The  absorption  of  heat  and  consequent  reduction  of  tem- 
perature can  be  accounted  for  only  by  a  chemical  change  in  the 
electrolyte  which  causes  the  heat  to  become  latent.  Such  a 
reaction  may  be  explained  on  the  supposition  that  the  electrolyte 
changes  at  this  temperature  from  an  aqueous  solution  to  a 
dehydrated  fused  electrolyte.  While  water  is  present,  the  iron 
probably  remains  in  solution  as  ferric  acid  (the  highest  known 
oxide  of  iron)  in  combination  with  the  alkali  as  potassium  or 
sodium  ferrate,  which  in  the  highly  concentrated  solution  has  a 
green  color  if  any  sulphur  is  present.  When  the  water  which 
holds  this  salt  in  solution  is  finally  driven  out,  the  ferric  acid, 
being  insoluble  in  the  dehydrated  alkali  hydrate,  is  decomposed 
into  ferric  oxide,  potassic  oxide  and  oxygen,  the  reaction  being 
'iK^FeO,=-,2K20-{-Fe^O^-{-^0, 

The  insoluble  ferric  oxide  precipitated  in  the  solid  state  by 
this  reaction  gives  the  dark  brown  color  to  the  mass,  which  was 
observed  by  Liebenow  and  Strasser.  This  precipitate  is  found 
disseminated  through  the  solidified  hydrate  on  cooling.  The 
dissociation  of  the  ferric  acid  should  be  accompanied  by  the* 
absorption  of  considerable  heat — probably  at  that  temperature 
about  150,000  calories.  This  would  be  sufficient  to  account  for 
the  remarkable  fall  of  temperature,  observed  by  Liebenow  and 
Strasser  to  accompany  the  change  of  color  from  green  to  brown. 
A  further  examination  of  the  results  obtained  by  these 
investigators  reveals  the  fact  that  this  fall  of  temperature  occurred 
only  in  those  experiments  in  which  either  iron  or  nickel  was 
present  in  the  electrolyte. 

1  ZeiUehrift  fur  EUktroehemU,  Feb.  20.  18{»7. 
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The  experimeDta  referred  to  of  Liebenow  and  Strasser  are  a 
series  of  elaborate  iDreetigations  on  a  nuiDber  of  alkaline  tbermo- 
electric  cells,  the  results  of  which  are  entirely  in  accord  with  the 
explanation  given  above,  and  form  the  baBiB  on  which  that 
explanation  is  chiefly  founded.  I  am  unable  to  agree  with  those 
investigatorB,  ae  before  stated,  in  some  of  their  conclusions;  as, 
for  instance,  the  conclasion  that  electrical  energy,  or  any  other 
form  of  energy  can  be  eyoWed  from  the  "  passivity  "  of  a  metal 
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or  from  any  other  property  of  matter,  and  I  believe  the  esperi- 
ments  they  have  described  do  more  towards  disproving  their  own 
preconceived  theory  than  any  experimental  work  that  has  been 
done  relating  to  this  subject. 

In  those  experiments  the  effects  produced  by  various  alterations 
of  the  electrolyte  on  the  potential  difference  between  various 
electrodes  and  an  arliitrary  "  normal  electrode  "  were  determined. 
Simultaneous   measurements   of   electromotive   force   and  tern- 


1898.1  BBRD  OK  THERMO-ELECTRIC  BATTERY.  281 

perature  were  made  which  tlirow  much  light  upon  the  nature 
of  these  cells.  Unfortunately  no  measurements  were  made  to 
determine  at  the  same  time  the  difference  of  temperature  between 
the  various  electrodes. 

The  relation  between  the  temperature  of  the  electrolyte  and 
the  electromotive  force  of  the  carbon-caustic-potash  cell,  as 
indicated  by  the  results  of  Liebenow  and  Strasser,  is  well 
illustrated  in  the  curves  shown  in  Fig.  5.  In  this  diagram  the 
abscissa  represents  the  time  measured  from  the  beginning  of  the 
experiment,  and  the  corresponding  ordinate  of  the  dotted  line 
represents  the  temperature,  while  the  ordinate  of  the  full  line 
represents  the  simultaneous  difference  of  potential  between  the 
carbon  rod  and  the  ^^  normal  electrode.''  Liebenow  and  Strasser 
apparently  failed  to  see  the  relation  between  the  curves  of  tem- 
perature and  electromotive  force,  simply  because  the  direction 
of  this  electromotive  force  happened  to  be  opposite  to  that  which 
they  had  been  arbitrarily  measuring  as  increasing  towards  the 
top  of  the  diagram.  They,  therefore,  measured  electromotive 
force  downwards  and  the  corresponding  temperatures  upwards 
and  obtained  the  diagram  shown  in  Fig.  6,  which  is  not  quite  so 
easily  interpreted.  They  apparently  failed  to  get  any  meaning 
from  it,  merely  remarking  that  it  did  not  agree  with  the  formula 
they  had  empirically  deduced. 

When  the  intensity  of  the  electromotive  force  is  compared 
directly  with  the  temperature,  instead  of  inversely,  the  relation 
becomes  apparent,  as  shown  in  Fig  5.  In  this  particular  case 
the  diagram  shows  decidedly  that  the  electromotive  force  in- 
creases and  decreases  with  the  temperature  of  the  electrolyte. 
From  the  nature  and  arrangement  of  the  apparatus  we  know  that 
the  difference  of  temperature  between  the  electrolyte  and  the 
rod  will  also  increase  and  decrease  with  the  temperature  of  the 
electrolyte.  This  dependence  of  electromotive  force  upon 
difference  of  temperature  is  shown  in  nearly  all  the  diagrams  of 
Liebenow  and  Strasser,  when  the  electromotive  force,  whether 
positive  or  negative,  is  measured  in  the  same  direction  as  the 
temperature.  And  it  must  be  so  measured  in  order  to  make  a 
direct  comparison.  The  polarity  or  direction  of  the  electro- 
motive force  has  no  particular  bearing  on  the  relation  between 
its  intensity  and  variations  in  temperature,  but  is  dependent 
merely  on  the  accidental  position  of  the  neutral  point  on  the 
thermo-electric  diagram. 
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When  any  thenno-electric  couple  ie  heated  np  from  a  very  low 
to  a  very  high  temperature  without  any  great  change  in  the 
difference  of  temperature  between  the  hot  and  cold  junctiooe, 
the  electromotive  force  will  diminbh  with  increase  of  temperature 
until  the  neutral  point  is  reached,  where  it  will  become  zero  and 
change  aign.  From  that  point  it  will  increase  with  the  tem- 
perature if  the  difference  in  temperature  between  the  janctiona 
doea  not  diminish. 


- 

c-t 

OH 

Iro 

~- 

vtt' 

i\ 

M8        -LO 

-A 

Jii- 

7 

1 

^ 

™° 

^ 

\ 

y 

1 

:\ 

-■- 

- 

/ 

,,' 

M' 

. 

-f 

■■■ 

- 

380* 

4 

- 

A 



: 

M 

mr 

:. 

7u. 

- 

Fio.  7,  Fio.  8. 

In  the  case  shown  in  Fig.  5  it  ie  evident  that  the  electromotive 
force  doen  not  change  sign.  This  nieane  only  that  in  tbia 
particular  cu^e  (carbon-cauBtic-potanh  junction)  the  neutral  point, 
if  there  be  any,  lies  outside  of  the  range  of  temperatures 
employed  in  this  ex[)erinieut,  that  is,  the  neutral  point  does  not 
lie  between  200°  and  85u°  C 

When  these  factrt  are  all  taken  into  account  the  resultfl  obtained 
by    Liebenow   and   titra^er,  as  far  an  they  go,  show  that  the 
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electromotive  force  was  produced  by  and  depended  upon  tlie 
difference  of  temperature  between  the  rod  and  the  electrolyte, 
except  in  those  cases  where  they  pur|)osely  introduced distuibirif^ 
elements.  In  snch  oues  they  do  iwt  descrilie  the  details  of  their 
apparatus  and  mod.ua  operandi  aufliciently  to  enable  db  to  judge 
what  effect  npon  the  temperature  of  various  parte  of  the  apparatus 
may  have  been  ])roduced  by  the  various  gases  they  introduced 
in  some  of  their  experiments  and  by  closing  the  cmrible  with  a 
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cover,   which  would  naturally  tend  to  keep  the  temperature  of 
th«  rod  and  that  of  tlie  electrolyte  more  nearly  alilte  at  the  point 
of  contact. 

The  experiment  wiHi  the  carbon  rod  and  caustic  potash  was 
varied  by  liebenow  and  Strasser  by  substituting  for  the  nickel 
cup  nsed  in  Fig.  5,  in  one  case  a  carlion  and  in  another  case  an 
iron  cup.  The  results  are  exhil)it«d  (by  inverting  the  curves  of 
Liebenow  and  Strasser)  in  Figa.  7  and  .S  iviipKctively,  which  agreo 
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vith  Fig.  5  in  showing  that  the  carve  of  electromotiTe  force  in 
the  carbon- cauBtic-potash  conple  follows  id  general  the  carve  of 
temperature,  and  that  the  neutral  point  of  this  coaple  does  not 
lie  between  SOO"  and  700°  C. 

A  second  group  of  most  instructive  experimerite  with  metal 
rods  substituted  for  the  carbon  rod  (the  results  of  which  are 
exhibited  in  Figs.  9,  10,  11  and  12)  demonstrate  in  an  equally 
convincing  manner  that  a  change  in  the  temperature  of  the 
electrolyte  produces  a  corresponding  change  in  the  electromotive 
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force.  These  curves  were  also  inverted  on  the  temperatore 
curves  in  the  diagrams  of  Liebenow  and  Strasser.  In  Fig.  9, 
showing  the  result  when  a  nickel  rod  and  cup  are  used,  there 
are  no  less  than  eight  well  marked  points  of  flexure  in  the 
temperature  curve,  each  corrcBponding  to  a  simitar  point  in  the 
curve  of  electromotive  force.  Fig.  1 1  differB  from  Fig.  10  only 
in  the  substitution  of  caustic  soda  for  caustic  potash. 

An  examination  of  these  four  curves  shows  some  very  inatmc- 
tive  coincidences,  among  which  are  the  following  : 


M-l 
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1.  The  electromotive  force  increases  with  increasing  tem- 
peratnre  from  the  beginning  of  the  experiment  up  to  the  moment 
the  brown  color  of  the  electrolyte  appears,  indicating  a  chemical 
change  and  probably  a  condition  of  dehydration.  This  change 
was  not  marked  in  Fig.  11  by  Liebenow  and  Strasser,  but  the 
curves  of  electromotive  force  and  temperature  both  show  that  it 
must  have  occurred  at  the  end  of  26  minutes. 

2.  When  this  point  is  reached  there  is  a  sudden  and  very 
great  change  in  electromotive  force. 
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3.  SimnltaDeoue  with  this  change  of  electromotive  force  and 
change  of  color,  an  absorption  of  heat  occurs  In  the  electrolyte, 
which  causes  a  sudden  reduction  of  its  temperature.  In  Fig.  1 1 
this  reduction  of  temperature  is  indicated  only  by  a  flattened 
portion  of  the  temperature  curve.  This  reduction  in  the  tem- 
|>erature  of  the  electrolyte  would  necessarily  greatly  reduce  the 
difierence  between  its  temperature  and  that  of  the  metallic  rod 
to  which  it  communicates  heat.  _  It  is  conceivable  that  in  some 
cases,   where   the   absorption  is    very  marked  and  sudden,  heat 
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may  actnall;  flow  bfick  from  the  rod  to  the  electrolyte.  Thu 
sudden  reduction  id  the  temperature  of  the  electrolyte  acconntfi 
aatisfactorily  for  the  change  of  electromotiTe  force  accompany- 
ing it. 

4.  From  this  point  to  the  end  of  the  experiment  the  curve  of 
electromotive  force  follows  in  general  the  temperature  curve. 

In  all  caaeB  except  that  of  silver,  Fig.  12,  the  temperature  at 
which  the  sudden  change  occurs,  lies  between  524°  and  580°  C 
The  mote  rapidly  the  heat  is  applied,  the  higher  is  the  temper- 
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ature  at  which  this  change  occurs  and  the  more  nearly  vertical 
is  the  curve  of  electromotive  force  at  that  point.  In  Fig.  9  the 
dehydration  point  was  reached  in  abont  23  minutes  and  the  tem- 
perature attained  before  the  change  was  o80°.  In  Fig.  11  the 
time  was  about  26  minutes  and  the  temjierature  attained  570°. 
In  Fig.  10  the  time  woe  40  minutes  and  the  temperature  524." 

In  Fig.  12  the  time  was  50  minutes,  the  temperature  460% 
and  no  reduction  of  teniperaturt;  was  observed  to  accompany  the 
change  of  color.     This  may  be  accounted  for  on  the  suppoeilioa 
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that,  owinf;  to  the  nlowneBB  of  the  reaction  in  tbifl  caee  the  con- 
tinnous  application  of  external  heat  was  siifficient  to  prevent  an 
actual  fall  of  teinperatare. 

In  Fig.  13  tlie  conditions  were  the  same  as  those  of  Fig.  12, 
excepting  that  a  silver  oup  was  substituted  for  the  iron  cup  and, 
conseqaently,  there  was  no  iron  present  in  the  electrolyte.  The 
marked  irregularities  in  the  curve  of  electromotive  force  shown 
in  Fig.  13  are  to  be  expected  from  tbe  high  thermal  conductivity 
of  tbe  silver  cup  and  rod,  which  makes  the  apparatus  very 
sensitive  to  fluctuations  in  the  source  of  heat.      The   absence  of 


any  indication  of  chemical  cliange  or  change  of  color  in  the 
electrolyte  or  of  any  corresponding  al)8orption  of  heat  or  change 
of  electromotive  force  is  accounted  for  by  tlie  fact  that  there  is 
no  iron  or  nickel  in  the  solution  and  that  the  dehydration  is 
accomplished  without  any  chemical  change  due  to  the  presence 
of  impurities. 

Figs.  14  and  15  show  the  rei^nlt  of  subetituting  for  the  normal 
electrode  in  Figs.  8  and  fi  respectively,  rods  of  iron  and  nickel. 
The  effect  of  this  change  was  to  remove  the  arbitrary  zero  of 
potential  established  by  the  introduction  of  the  normal  electrode 
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and  to  transfer  the  neutral  point,  at  which  the  electromotive 
force  changes  sign,  to  a  position  within  the  diagram.  The  nentrai 
point  OD  these  diagrams  corresponds  to  the  temperature  of 
555°  i:  5°,  coinciding  with  the  temperature  at  which  the  chemical 
change  and  the  absorption  of  heat  occur.  These  corves  are  not 
inverted,  but  are  copied  without  change  from  the  curves  given 
by  Liebenow  and  Strasser. 
In  Figs.  16  and  17  the  resnlte  are  further  complicated  b;  the 
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nee  of  various  disturbing  influences.  The  most  important  change 
introduced  in  these  experiments  was  to  close  the  cup  with  a 
practically  air-tight  cover,  through  which  a  carbon  and  an  iroo 
rod  were  inserted.  This  entirely  prevented  the  circulation  of 
air  over  the  surface  of  the  electrolyte  and  around  the  lower  ends 
of  the  rods.  The  temperature  of  such  a  closed  chamber  above 
the  electrolyte  would  be  only  slightly  less  than  that  of  the 
electrolyte   itself  after   the  apparatus   had  become  thoroughly 
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heated.  The  lower  ends  of  the  carbon  and  iron  rods,  being  Rur- 
rounded  by  ao  atmosphere  nearly  a£  hot  aa  the  electrolyte,  would 
have  little  difference  in  temperature  at  their  surfaces  of  contact 
with  the  electrolyte,  noth withstanding  their  great  difference  in 
conductivity.  Such  an  arrangement  would  result  in  a  very  much 
lower  electromotive  force,  Liebenow  and  Straeser  reported  no 
experimenta  under  exactly  these  conditions,  but  gave  in  Figs.  \ft 
and    17   the  results  obtained  by    various  moditicatiooB  of  these 
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conditions,  viz.,  by  passing  through  the  closed   chamber   variouc 


Unfortunately  sufficient  attention  was  not  given  to  the  details 
of  these  experiments  to  enable  us  to  decide  to  what  extent,  if 
any,  the  results  were  due  to  the  chemical  action  of  the  gases  in- 
troduced, and  to  what  extent  they  were  due  to  their  cooling 
effect  If  the  air  and  all  the  various  gases  were  passed  through 
the  cloaed  chamber  at  the  same  temperature  and  all   with   the 
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eame  velocity,  the  only   difference  in  their  cooling  effects  wonld 
be  that  due  to  the   differenceB   in   their  speeitic   heats.     Theae 
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could  not  he  very  great  and  would  jirobahly  be  negligible.  If, 
on  the  other  hand,  the  gases  were  (lasBed  through  the  cell  with 
greatly  varying  velocities,  their  tooling  effecta,  particularly  on 
the  iron  rod,  would  he  very  different. 

Fig.  hi  shows  the  result  obtained  by  passing  illuminating  gas 
through  the  cell  for  four  houre  and  ten  minutes,  then  replacing 
it  by  air.  At  the  end  of  tlie  first  hour  the  temperature  and  the 
electromotive  force  l)eeame  practically  constant  and  remained  so 
until  the  change  was  made  from  illuminating  gas  to  air.      When 


Pm,  17. 
this  change  wan  made  there  was  a  noticeable,  though  not  great 
fall  in  the  temperature  of  the  electrolyte,  acorresponding  change 
in  the  electromotive  force  of  both  the  larlion  and  the  iron  as 
compared  with  the  normal  electrode,  thechange  in  the  iron  being 
very  great.  Theae  curves,  which  arc  also  the  inverted  curves  of 
Liebenow  and  Strasser,  are  seen  to  follow  the  temperature  curve 
in  exactly  the  same  manner  as  the  curves  of  carbon  and  iron 
shown  in  Figs.  5  to  12. 
In  the  abaeoce  of  any  statement  to  the  contrary  by  liebenow 
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and  StrasBer  the  inference  is  reasonable  that  the  air  forced 
through  the  cell  was  in  a  large  or  unlimited  quantity,  while  the 
flow  of  the  combustible  gases  was  adjusted  to  make  the  issuing 
jet  bum  with  as  small  a  flame  as  possible.  If  such  were  the 
case,  the  cooling  eflfect  of  the  air  on  the  rods  could  not  fail  to 
produce  the  result  shown  in  Hg.  16.  The  same  explanation  ap- 
plies with  equal  force  to  the  results  shown  in  Fig.  17,  in  which 
various  gases  were  successively  passed  through  the  cell.  There 
is  no  doubt  that  the  results  are  also  complicated  by  various 
chemical  changes  resulting  from  the  gases  introduced.  The  in- 
troduction of  pure  oxygen,  for  example,  in  contact  with  the  red- 
hot  carbon  would  certainly  result  in  a  vigorous  combustion  of 
the  carbon,  which  would  tend  to  increase  its  temi^erature  even 
above  that  of  the  electrolyte  and  augment  the  effect  shown  in 
Fig.  17.  But  the  lack  of  more  detailed  information  concerning 
these  experiments  makes  it  useless  to  speculate  further. 


Discussion. 

Mr.  Edward  P.  Thompson  : — I  have  been  considering  whether 
the  proposition  Mr.  Reed  has  put  before  us  has  been  strengthened 
by  him  by  a  variety  of  experiments.  As  I  understand  from  his 
remarks,  the  electromotive  force  is  due  to  the  difference  of 
temperature  between  the  two  electrodes.  I  was  thinking  that  if 
that  is  what  he  considers  it  to  be  due  to,  it  ought  to  be  proved 
not  merely  by  one  experiment,  but  by  several, — that  is,  several 
kinds  of  experiments.  He  arranges  two  electrodes  so  that  one 
becomes  hotter  than  the  other  by  the  heated  electrolyte,  and  of 
course,  in  that  case,  there  is  not  such  a  very  great  difference  of 
temperature.  I  should  think  that  he  might  obtain  a  great  differ- 
ence by  some  outside  means.  For  example,  suppose  he  should 
heat  the  electrode  a  by  an  outside  furnace,  so  as  to  get  it  to  a 
great  deal  higher  temperature,  and  then  insert  it,  and  see  whether 
the  electromotive  force  has  increased  ;  or  reverse  the  experiment 
by  heating  the  electrode  b,  so  that  it  is  about  as  hot  as  electrode 
A,  and  see  whether  the  electromotive  force  is  zero.  I  am  inclined 
to  agree  with  Mr.  Reed's  presentation,  but  at  the  same  time  more 
than  one  kind  of  experiment  should  be  in  evidence. 

It  might  be  argued,  although  not  on  verj'  solid  grounds,  that 
the  reason  why  there  is  an  electromotive  force,  is  because  there 
is  less  surface  on  one  electrode  than  there  is  on  the  other.  Now 
in  Fig.  3,  the  two  surfaces  are  equal,  and  there  is  no  electromotive 
force.  In  Fig.  4  again  the  two  surfaces  are  unequal  and  there  is 
an  electromotive  force;  so  that  a  person,  merely  as  a  matter  of 
argument,  could  say  that  the  relative  amounts  of  su^'face  of  the 
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two  electrodes  might  have  something  to  do  with  tlie  *  production 
of  current,  although  I  do  not  think  that  he  could  uphold  his 
argument. 

Referring  again  to  my  first  point,  I  would  like  to  ask  the 
author  whether  he  has  caused  one  of  the  electrodes  like  that  in 
Fig.  3  to  be  heated  to  a  great  deal  higher  t^niperature  by  some 
outside  source,  for  instance,  by  putting  it  into  a  furnace  and  then 
dipping  it  into  the  electrolyte ;  or  it  could  be  heated  while  it  is 
in  there  by  some  convenient  arrangement.  It  seems  to  me  that 
the  matter  ought  to  be  proved  more  conclusively  by  a  variety  of 
experiments. 

Mr.  Kbed: — Those  experiments  have  been  tried,  and  I  was 
going  to  try  this  evening  the  experiment  of  reversing  tlie  electrodes 
to  show  that  the  electromotive  force  is  brought  to  zero  and  re- 
versed. Then  in  regtird  to  the  surfaces,  in  Fig.  H  the  surfaces  of 
contact  are  equal,  if  we  incline  the  rods'in  the  position  of  Fig. 
4  both  rods  will  still  be  wet  with  the  electrolyte  as  before.  The 
same  amount  of  surface  would  still  be  in  contact  with  the  elec- 
trolyte in  both  cases,  although  part  of  it  may  be  in  a  thin  layer 
on  one  electrode.  However,  it  seems  to  me  that  if  we  are  to 
argue  that  the  electromotive  force  can  be  caused  by  exposing  two 
similar  electrodes  to  contact  of  a  single  electrolyte,  if  we  can 
suppose  that  the  electromotive  force  is  caused  by  merely  a  differ- 
ence in  the  surfaces  in  contact  with  the  electrolyte,  then  we 
could  get  an  electromotive  force  by  using  any  electrolyte,  insert- 
ing two  pieces  of  iron  of  different  sizes,  or  two  pieces  of  zinc.  It 
seems  to  me  we  could  try  innumerable  experiments  of  that  kind, 
and  I  guess  they  have  been  tried  to  the  satisfaction  of  every  one 
who  has  tried  to  get  energy  in  that  way.  We  certainly  could  not 
get  electrical  energy  by  inserting  two  pieces  of  zinc  or  anything 
else  into  an  electrolyte,  simply  by  inf  erting  one  to  a  greater  depth 
or  giving  it  a  greater  contact  of  surface.  If  we  could,  that  would 
t>e  a  cheap  way  of  getting  energy.  I  do  not  know  whether  that 
answers  tlie  question. 

Mr.  Thompson  : — That  was  merely  a  superficial  argument.  I 
did  not  believe  in  it  at  all  myself ;  only  I  said  it  was  an  argument 
a  person  could  present.  But  the  principal  one,  is  whether  you 
have  heated  one  electrode  from  an  outside  source  to  a  great  deal 
higher  temperature  than  that  of  the  other  and  whether  you 
obtained  better  results. 

Mr.  Reed  : — Yes ;  I  have  tried  a  great  many  experiments  of 
that  kind  which  were  entirely  satisfm^tory.  I  did  not  think  it 
was  worth  while  to  take  the  time  of  the  Institute  to  enumerate 
them  all  in  this  paper,  and  I  tried  a  great  many  different  elec- 
trolytes and  other  substances  besides  iron.  I  \yill  say  that  this 
question  of  the  thermo-electromotive  foi'ce  of  a  metal  in  contact 
with  an  electrolyte  has  been  investigated  by  quite  a  number  of 
observers.  Nearly  twenty  years  ago  Bouty  made  some  experi- 
ments to  determine  the  electromotive  force  of  contact  between 
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electrodefl  and  electrolytes  (see  Fig.  18).  Bouty  took  two  test 
tubes  filled  with  an  electrolyte;  sulphate  of  zinc  was  one  elec- 
trolyte on  which  he  experimented  ;  then  connected  them  with  a 
small  tube  filled  with  the  same  solution,  inserted  a  thermometer 
into  each  and  also  a  piece  of  amalgamated  zinc.  Then  he  sur- 
rounded one  of  the  tubes  with  water,  maintained  at  zero  or  some 
fixed  temperature,  and  the  other  witli  water  which  he  kept  at  a 
different  temperature.  In  that  way  he  determined  the  electro- 
motive force  between  the  two  pieces  of  zinc  inserted  in  the  zinc 
sulphate,  one  piece  being  at  a  different  temperature  from  the 
other.  lie  determined  this  electromotive  force  with  reference 
to  a  number  of  electrolytes.  The  same  thing  was  done  later  by 
Chroustchoff  and  Sitnikoff  and  also  by  Carhart.  They  all  found 
that  the  results  agreed  with  the  formula  for  the  relati^m  l>etween 
the  electromotive  force  and  the  chemical  energy  of  the  reaction 


Fig.  18. 


between  the  electrolyte  and  the  electrode,  plus  or  minus  the 
thermo-electromotivo  force  of  the  circuit  which  llelmholtz  showed 

to  be  equal  /  -,— ^  that  is,  the  absolute  temperature  into  the  first 

ft  0 

differential  coefticient  of  the  thcrmo-electromotive  force  with 
respect  to  the  temperature.  The  results  all  agree  in  showing 
this  formula  to  be  correct ;  but  they  all  claim  that  this  thermci- 
electromotive  force  was  due  entirely  to  the  Peltier  effect ;  that  \>; 
due  to  the  electromotive  force  of  contact  between  the  electrode 
and  the  electrolyte,  and  I  think  none  of  their  experiments  proved 
that.  Their  experiments  merely  showed  the  thermo-electromotive 
fon^e.  They  did  not  show  that  it  was  due  to  the  Peltier  effect 
alone.  In  reality  you  will  see  that  what  they  determined  was  the 
thermo-electromotive  force  of  the  entire  circuit  composed  of  two 
conductors,   one  being   the   electrolyte,   and   the  other  being  a 
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metal  interrupted  at  one  point,  one  point,  h,  of  the  circuit  being 
heated  and  one  point,  c,  being  cold.  There  is  nothing  in  their 
experiments  to  snow  that  that  electromotive  force  was  due  to  the 
l^eltier  effect  alone.  If  we  simply  take  the  figures  they  give  and 
that  arrangement  it  would  indicate  rather  that  it  was  due  to  the 
sum  of  the  Thomson  and  Peltier  effects.  They  made  no  measure- 
ments to  determine  the  difference  of  temperature  between  the 
electrode  and  electrolyte.  It  is  evident  that  the  electrodes  would 
have  nearly  the  same  temperature  as  the  electrolyte  in  each  case. 

Mr.  C.  O.  Mailloux  : — 1  am  interested  to  know  if  among  tlie 
electrolytes  Mr.  lieed  has  used  he  has  tried  any  of  the  metals 
melting  at  a  low  temperature,  such  as  fusible  alloys,  and  even 
lead  which  could  be  retained  fluid  at  the  temperatures  at  which 
he  has  been  working.  If  the  function  of  the  fluid  is  merely  that 
of  disseminating  heat,  it  is  improper  to  term  it  and  treat  it  as  an 
electrolyte;  it  is  more  a  menstrum  for  the  conveyance  of  heat, 
in  that  case,  by  the  use  of  a  metal  instead  of  a  liquid,  he  would 
avoid  the  phenomenon  of  polarization,  because  the  only  effect 
which  could  take  place  at  tlie  points  of  contact  by  the  passage  of 
current  would  be  the  Peltier  phenomenon,  which,  while  it  would  , 
introduce  an  electromotive  force,  would  be  of  opposite  polarity 
at  the  two  electrodes,  and  therefore  would  have  no  effect  upon 
the  resultant  eleciromotive  force. 

Mr.  Rked: — The  question  which  has  been  in  dispute,  and 
which  I  attempted  to  determine  by  these  experiments,  was  the  fact 
that  there  is  a  high  electromotive  force,  or  thermo  electric  power, 
I  should  say,  between  tha  fused  electrolytes  and  solid  conductors 
in  contact  with  them.  I  did  not  know  that  there  was  any  question 
about  there  being  a  thermo-electromotive  force  between  metals 
in  contact. 

Mr.  Mailloux: — Perhaps  I  did  not  make  myself  sufficiently 
clear.  I  meant  to  say  that  if  we  were  to  substitute  for  the  fluid, 
lead  in  a  molten  state  at  a  temperature  from  300  to  850°  C,  or  at 
some  temperature  which  is  just  below  its  evaporation  or  volatili- 
zation point  (the  melting  point  of  lead  being  about  830°  i).)  and 
if  at  that  temperature,  under  those  conditions,  we  obtained 
practically  the  same  electromotive  force  for  the  same  difference 
of  temperature  between  the  electrodes, — that,  it  seems  to  me, 
would  show  conclusively,  that  the  phenomenon  was  due  entirely 
to  difference  of  temperature,  and  that  the  term  electrolyte  was 
not  applicable,  and  that  the  liquid  was  merely  a  convenient  sub- 
stance for  disseminating  or  conveying  heat.  It  seems  to  me  that 
an  experiment  of  that  character  would  strengthen  the  position 
taken  by  Mr.  Reed,  if  the  results  thereof  showed  that  the  electro- 
motive force  obtained  was  still  a  function  of  the  difference  of 
temperatures,  the  liquid  substance  merely  serving  as  a  means  for 
the  conveyance  of  heat  and  at  the  same  time  as  a  conductor. 

Mr.  Rekd  : — I  do  not  think  there  is  any  question  about  there 
being  thermo  electromotive  force  in    circuits  conn)08ed  wholly 
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of  metaU.  I  consider  that  that  question  has  been  settled  bj  the 
work  of  Kelvin,  Tate  and  others  a  good  many  years  ago. 

Mr.  Mailloux  : — Would  the  electromotive  force  be  the 
same  i 

Mr.  Eeed  : — No,  very  different.  That  is  just  the  point  which 
I  originally  noticed  and  which  seemed  to  me  a  curious  phenomenon 
and  which  induced  me  to  investigate  this  subject  further.  I 
noticed  that  the  electromotive  force  between  the  electrolyte  and 
metals  in  contact  was  very  much  higher,  in  most  cases  hundreds 
of  times  as  high  as  what  we  could  obtain  from  a  thermo-electric 
battery  or  junction  consisting  of  metals.  For  instance,  the 
thermo-electric  power  of  any  two  metals  is  only  a  few  millionths 
of  a  volt  per  degree  centigrade ;  whereas  with  the  electrolytes  it 
is  all  the  way  from  ten  to  a  hundred  times,  or  three  or  four  hun- 
dred times  as  much.  One  of  the  first  experiments  which  I 
observed  in  that  connection  was  with  two  pieces  of  copper  con- 
taining a  thin  film  of  copper  oxide  between  them.  They  were 
placed  in  contact  (two  pieces  of  copper  wire,  for  example),  one 
of  them  may  be  heated  only  say  one  hundred  degrees  hotter 
than  the  other  to  get  an  electromotive  force  on  nearly  half  a 
volt,  as  long  as  there  is  copper  oxide  between  them.  But  as  soon  as 
the  copper  oxide  is  reduced  by  the  passage  of  the  current,  or  in 
any  other  way,  and  metallic  contact  occurs,  the  electromotive 
force  drops  so  that  you  could  not  measure  it  with  a  voltmeter  of 
this  kind.  In  other  words,  if  we  take  two  pieces  of  metal 
in  actual  contact  and  heat  one  of  them  hotter  than  the  other  and 
get  as  great  a  difference  in  temperature  as  possible,  we  get  a 
result  which  is  not  anything  like  what  we  get  in  the  case  of  an 
electrolyte.  I  do  not  know  whether  that  answers  your  question 
or  not. 

Mr.  Mailloux:— It  answers  it  partly.  The  principal  object 
of  my  (juestion  was  to  know  whetner  if  you  were  to  substitute 
lead  for  the  caustic  potash  there,  the  electromotive  force  would 
be  approximately  the  same  or  not. 

Mr.  Reed  : — Nothing  like  it.  We  have  two  pieces  of  iron 
here,  and  merely  maintaining  those  two  pieces  of  iron  at  slightly 
different  temperatures  and  having  them  connected  by  melted  lead 
would  give  us  only  a  very  small  electromotive  force ;  it  would 
be  the  thermo-electromotive  force  of  iron  against  lead. 

Mr.  Mailloux  : — What  I  mean  is  to  repeat  the  experiment  as 
shown  in  your  Figure  2,  using  lead  insteaa  of  caustic  soda. 

Mr.  Rked: — lou  would  not  get  any  electromotive  force  to 
speak  of. 

Mr.  Mailloux  : — You  still  get  the  same  difference  of  tempera- 
ture between  two  rods,  owing  to  the  difference  at  which  the  heat 
would  be  disseminated.  One  would  be  imbedded.  You  would 
have  exactly  tl>e  same  condition  as  far  as  heat  distribution  is 
concerned. 

Mr.  Reed  :— But  you  would  not  get  the  same  electromotive 
force. 
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Mr.  Mailloux  : — Then  it  is  not  altogether  the  difference  of 
temperature  that  produces  the  electromotive  force.  That  is  the 
point  on  which  I  wished  more  light. 

Mr.  Rbed  : — It  is  a  different  kind  of  junction.  The  thermo- 
electric power  of  a  couple  consisting  of  an  electrolyte  and  a 
metallic  conductor  is  very  different  from  the  thermo-electric 
power  of  a  junction  consisting  of  two  metals. 

Now  I  will  ask  Mr.  Mailloux  if  he  will  be  kind  enough  to 
come  and  read  the  voltmeter,  which  is  the  only  instrument  1 
have  here  convenient,  to  take  these  measurements.  The  liquid 
is  now  approaching  redness. 

The  Chairman  : — I  should  like  to  ask  Mr.  Reed  what  varia- 
tions he  found  with  different  electrolytes.  Is  the  difference  very 
pronounced  ? 

Mr.  Rbed: — Very  pronounced.  In  electrolytes  which  consist 
of  aqueous  solutions,  such  as  those  experimented  upon  by  the 
investigators  I  have  already  mentioned^  the  thermo-electric  power 
seems  to  be  very  small,  in  the  fused  electrolytes,  which  seem 
to  have  the  very  high  thernio-electromotive  force,  it  may  be  due  to 
the  fact  that  they  are  capable  of  being  maintained  at  very  much 
higher  temperatures. 

1  am  afraid  this  heat  will  not  be  enough  to  dehydrate  the 
liquid.  I  cannot  get  it  hot  enough  to  show  in  this  light  any 
difference  of  temperature  between  the  two  rods  as  indicated  by 
their  appearance.  In  fact  I  have  not  got  it  hot  enough  yet  to 
actually  fuse  the  electrolyte  around  those  rods. 

The  Chairman: — What  voltage  did  that  show  ^ 

Mr.  Mailloux  : — Two  one-hundredths. 

The  Chairman  :-^What  voltage  did  you  expect,  Mr.  Keed,  if 
you  got  the  full  heat  ? 

Mr.  Heed  : — If  you  ijet  the  full  heat  and  get  it  rapidly  you 
get  about  nine-tenths  oi  a  volt. 

Mr.  Mailloux  : — It  jumps  to  about  two-tenths.  [Position  of 
rods  now  reversed.]  It  reverses  now  to  about  four  one-hun- 
dredths. 

The  Chairman  : — Those  rods  are  similar,  are  they,  Mr.  Reed  i 

Mr.  Reed  : — Yes,  sir.     We  now  reverse  them  again. 

Mr.  Mailloux  : — It  comes  back  to  zero.  Now  it  is  at  zero, 
passes  zero.  It  is  now  about  .04,  .06,  .1,  about  .2,  .18 — back  to 
zero. 

Mr.  Reed: — I  think  that  is  as  much  as  we  can  get  with  this 
source  of  heat.  In  order  to  show  this  successfully  the  source  of 
heat  must  be  such  as  we  can  control  to  get  any  temperature  needed. 
In  making  experiments,  with  the  voltmeter  in  circuit,  of  course 
we  have  a  battery  on  closed  circuit.  While  there  would  only  be 
one  or  two  milliamperes  Aowing  through  this  instrument,  we 
must  remember  that  the  battery  has  a  very  small  surface,  and 
considering  the  surface  it  is  a  large  current.  In  similar  experi- 
ments after  leaving  the  voltmeter  switch  closed  some   time   the 
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solid  cylindrical  rod  appeared  after  washing,  to  be  of  a  dark  blue 
color,  due  to  the  presence  of  reduced  iron,  while  the  head  of  the 
other  rod  is  covered  with  spots  of  a  bright  red  color,  evidently 
ferric  oxide.  That  result,  of  course,  would  be  due  to  the  passage 
of  the  current  which  would  oxidize  this  electrode,  and  reduce 
iron  upon  the  other.  In  order  to  get  satisfactory  results,  we 
must  have  heat  enough  so  that  the  electrolyte  will  act  to  a  con- 
siderable extent  upon  the  iron  cup  and  dissolve  a  sufficient  amount 
of  iron  in  the  solution  to  allow  the  current  to  pass  without 
polarization  with  this  instrument.  I  am  sorry  to  say  that  I  am 
not  able  to  get  heat  enough.  The  pressure  of  the  gas  here  is 
much  less  than  where  I  have  been  experimenting.  I  will  try  this 
once  more.  [Changing  position  of  lamp),  ft  may  be  a  little 
hotter. 

Mr.  Mailloux  : — It  is  .04 — about  .06. 

Mr.  Geo.  F.  Atwuod: — 1  would  like  to  ask  Mr.  lieed  if  the 
electrolyte  undergoes  any  change  with  the  continuous  discharge 
of  current. 

Mr.  Keed:-  Certainly.  The  slightest  current  must  produce  a 
chemical  change 

Mr.  Atwoou  : — I  meant  to  ask  if  the  electrolyte  loses  power 
and  becomes  weakened  and  has  to  be  replenished. 

Mr.  Keeu: — Yes.  As  soon  as  the  iron  or  other  impurities 
capable  of  undergoing  oxidation  and  reduction  are  entirely  gone 
from  the  electrolyte,  then  no  further  current  can  pass  without  the 
reduction  of  some  other  constituent  of  the  electrolyte,  such  as 
sodium  or  hydrogen.  They  would  be  the  only  two  present 
capable  of  reduction,  and  that  reduction  requires  the  absorption 
of  considerable  energy.  In  other  words,  it  would  act  as  a  counter- 
electromotive  force  or  polarization.  Does  that  not  answer  the 
question  i 

Mr.  Atwood  : — Yes  sir ;  that  is  the  point. 

Mr  Rkki)  :  —We  are  not  able  here  to  get  heat  enough  to  bring 
the  electrolyte  up  to  the  proper  condition.  If  you  will  turn  in 
the  paper  to  F'igs.  lo  and  11  you  will  see  tliat  the  change  in 
electromotive  force  is  only  a  few  hundredths  of  a  volt  until  the 
temperature  reaches  in  the  neighborhood  of  550*^,  and  we  have 
not  got  anywhere  near  that  temperature  here.  At  that  temperature 
there  was  a  sudden  change,  the  direction  of  the  current  reversed  ; 
that  was  at  the  end  of  forty  minutes  in  that  experiment.  (Fig. 
lO).  You  will  see  the  line  where  it  says ''color  turns  brown." 
The  temperature  there  is  nearly  540°,  and  at  that  point  this 
change  takes  place  in  the  electrolyte,  and  the  electromotive  force 
then  reverses  and  goes  up  very  rapidly.  In  our  experiment  here 
we  did  not  not  get  to  the  temperature  at  which  the  electromotive 
force  reverses.     The  same  thing  is  shown  in  Figs.  11  and  12. 

Mk.  J.  1\  Wintrinoham  : — The  remarkable  thing  about  these 
diagi*an]s  seems  to  me  to  be  the  very  larg«  change  of  electro- 
motive force  for  small  changes  of  temperature.     But  of  course  it 
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iB  the  difference  of  temperature  of  the  two  rods  which  is  the 
governing  factor  and  not  the  absohite  temperature  of  the  mass. 

In  the  first  two  diagrams,  5  and  6,  the  electromotive  forces 
follow  the  temperature.  Yery  closely,  and  then  in  the  others  and 
in  the  following  diagrams  they  vary  widely  from  it. 

1  suppose  that  is  due  to  the  change  of  the  electrolyte  with  the 
brown  color,  and  that  the  thermo-electric  force  due  to  the  electro- 
lyte previously  and  after  that  is  very  different.  I  was  wondering 
if  one  electrode  was  introduced  first  and  allowed  to  heat  and  then 
the  other  was  introduced,  if  that  would  show  very  much  electro- 
motive force  or  whether  it  would  require  warming  a  little  before 
the  current  could  pass  at  all  i 

Mr.  Keed: — A  cold  electrode  suddenly  inserted,  chills  the 
electrolyte  around  it  and  forms  a  non-conducting  shell. 

Mr.  Wintringham: — Then  there  is  a  question  if  the  absorp- 
tion of  heat  might  not  be  due  to  eoniething  else  besides  a  chemi- 
cal change,  in  heating  or  cooling  metals,  certain  changes  take 
place  abruptly  in  the  line  on  a  diagram  showing  the  gain  or  loss 
of  temperatiire  against  time  as  an  ordinate. 

1  believe  the  word  recalescence  is  associated  with  some  such 
change  in  iron — possibly  a  change  of  molecular  structure  or 
specific  heat. 

Mr.  Keed  : — This  is  a  liquid.  You  must  bear  in  mind  that 
this  electrolyte  is  a  liquid  all  the  time. 

Mr.  Wintringham  : — I  understand  that,  but  still  the  great 
absorption  of  heat  is  not  only  at  the  melting  point  and  at  evapor- 
ation, but  at  other  points  there  may  be  considerable  absorption 
of  heat  without  a  corresponding  rise  of  temperature. 

Mr.  Reed:— Then  while  it  remains  liquid,  after  it  reaches  a 
certain  temperature,  it  suddenly  absorbs  heat  without  changing 
to  the  solid  state. 

Mr.  Wintrin(;ham  : — 1  know.  But  there  are  much  changes 
in  the  heating  of  single  metals  alone.  If  you  have  a  rod  of  iron 
red  hot,  white  hot,  and  allow  it  to  cool,  it  cools  off  slowly  to  a 
certain  temperature  and  then  becomes  hotter  again,  brighter, 
and  then  goes  on  cooling. 

And  then  on  j)age  229  the  formula  shows  free  oxygen.  Does 
the  chemicjal  boil  i  Is  there  evidence  of  free  oxygen  being  given 
off  if 

Mr.  Reed: — Well,  you  could  hardly  call  it  boiling  in  the 
sense  that  water  boils.  There  are  minute  bubbles  of  gas  or  steam 
coming  off  from  the  time  the  experiment  begins  until  the  end. 

Mr.  C.  V.  Steinmktz: — Reading  Mr.  Reed's  very  interesting 
paper,  I  am  not  satisfied  that  the  effect  described  therein  is  really 
a  thermo-electric  effect  and  not  electrochemical  or  galvanic  The 
abrupt  change  of  the  e.  m.  f.  at  the  temperature  at  which  chemi- 
cal dissociation  is  shown  to  o(*cur  by  the  change  of  color,  rather 
points  to  electru-chemical  action.  The  magnitude  of  e.  m.  f. 
points  the  same  way. 
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If  two  electrodes  of  different  chemical  affinity  are  inserted  into 
an  electrolyte,  chemical  combination  takes  place  at  the  one,  disso- 
ciation at  the  other  electrode.  The  energy  produced  by  chemical 
combination  at  the  one  electrode  is  greater  than  the  energy  con- 
sumed by  dissociation  at  the  other  electrode,  and  the  difference 
of  energy  appears  as  electric  energy.  As  well  known,  chemical 
affinity  is  a  function  of  temperature,  increasing  in  general  with 
increase  of  temperature  up  to  a  maximum  and  then  decreasing 
again  and  reaching  zero  at  the  dissociation  temperature  of  the 
compound.  Thus,  if  two  electrodes  of  the  same  material,  but  at 
different  temperatures,  are  inserted  in  an  electrolyte  their  chemi- 
cal affinities  are  different  and  they  thus  act  like  two  different 
materials,  that  is,  form  a  galvanic  couple  and  chemical  combina- 
tion takes  place  at  the  electrode  of  a  temperature  giving  a  higher 
chemical  affinity,  and  an  equal  amount  of  chemical  dissociation 
at  the  electrode  whose  temperature  gives  a  lower  chemical 
affinity.  This  seems  to  me  the  effect  observed  by  Mr.  Reed.  It 
is  thus  not  thermoelectric,  but  electro-chemical,  or  the  same  as, 
for  instance,  in  a  zinc  copper  cell,  the  only  difference  being  that 
the  chemical  energy  which  produces  the  electric  energy  is  ulti- 
mately derived  from  heat  energy. 

The  cycle  of  matter  is  thus :  Iron  and  oxygen  combine  at  one 
temperature,  the  compound  is  brought  to  another  temperature, 
there  dissociated  into  iron  and  oxygen,  and  the  iron  and  oxygen 
brought  back  to  the  first  temperature,  where  they  combine  again. 
The  corresponding  cycle  of  energy  is :  Energy  is  consumed  at 
the  one  temperature  by  dissociation,  transferred  by  the  specific 
heat  while  bringing  the  iron  and  oxygen  from  the  one  to  the 
other  temperature,  energy  produced  by  chemical  combination  at 
the  second  temperature  and  energy  transferred  by  the  specific 
heat  of  the  oxiae  of  iron  when  being  brought  back  to  the  first 
tempefature.  Thus  the  difference  of  specinc  heat  of  the  oxide 
of  iron  from  the  specific  heat  of  iron  and  oxygen  equals  the 
difference  of  chemical  affinities  and  is  thus  the  source  of  energy 
which  produces  the  e.  m.  f.  The  phenomenon  is  analogous,  to  a 
certain  extent,  to  the  pyro-electric  machine,  in  which  iron  is 
withdrawn  from  a  magnetic  field  at  a  temperature  beyond  the 
critical  temperature,  that  is  while  unmagnetic,  then  cooled  below 
the  critical  temperature  and  attracted  by  the  magnetic  field  again 
while  magnetic.  Here  the  source  of  energy  is  the  difference  of 
specific  heat  of  the  iron  in  the  magnetic  and  in  the  unmagnetic 
state. 

Mr.  Reed  : — Do  I  understand  that  you  admit  the  source  of 
the  energy  is  heat  ? 

Mr.  Steinmetz  : — Yes,  sir,  the  ultimate  source  of  energy  is 
heat. 

Mr.  Reed: — That  is  all  I  have  attempted  to  show.  Although 
we  got  only  small  amounts  we  have  got  some  electrical  energy 
here.     1  do  not  think  there  is  any  known  process  by  which  heat 
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can  be  converted  directly  into  electrical  energy,  except  by  thermo- 
electric conversion.  I  think,  if  you  look  into  the  question  care- 
fully, that  you  will  see  that  the  energies  exactly  balance  each 
other,  which  you  speak  of  as  resulting  in  an  evolution  of  energy 
by  the  differences  of  specific  heats.  I  admit  that  there  are  dif- 
ferences in  specific  heats.  I  admit  that  it  is  possible  that  there 
are  differences  of  affinity.  There  is  undoubtedly  a  difference 
between  the  affinity  of  oxygen  for  iron  at  high  temperatures 
and  at  low  temperatures.  But  can  that  difference  of  affinity, 
under  these  conditions,  evolve  energy,  when  we  must  produce 
the  same  amount  of  oxide  of  iron  which  we  reduce.  In  other 
words,  keep  in  mind  that  the  amount  of  iron  oxide  reduced 
at  one  electrode  is  equal  to  the  amount  produced  at  the  other, 
can  we  evolve  any  energy  by  that  process? 

Mr.  Steinmetz: — It  is  this  very  point  which  I  intend  to 
explain  that  by  combining  iron  and  oxygen  to  oxide  of  iron  at 
one  temperature  and  dissociating  the  same  amount  of  oxide  of 
iron  at  a  different  temperature,  more  energy  must  be  transformed 
in  one  case  than  in  the  other,  due  to  the  difference  of  chemical 
affinity,  and  thus  an  e.  m.  f.  produced  which  is  galvanic  or  electro- 
chemical but  not  thermo-electric,  although  ultimately  due  to  the 
difference  of  specific  heat  of  the  compound  and  its  constituents. 

We  have  a  double  transfonnation  :  of  heat  into  chemioAl  energy 
and  of  chemical  energy  into  electric  energy,  but  no  direct  con- 
version of  heat  into  electric  energy,  that  is  no  thermo-electric 
effect.  The  process  is  essentially  the  same  as  for  instance  in  the 
zinc  copper  cell  where  the  affinity  of  the  zinc  is  ultimately  pro- 
duced by  heat  also,  only  more  efficiently  by  a  separate  process, 
the  electro-metallurgical  reduction  of  zinc  from  its  ores. 

Mr.  Kebd  : — Assume  we  have  an  isolated  system  like  that — 
suppose  we  take  away  the  flame  for  a  few  moments,  we  have  got 
a  certain  chemical  condition  and  a  certain  amotint  of  heat  not 
uniformly  distributed.  Can  we  then  by  an  internal  process  con- 
vert part  of  that  heat  into  chemical  energy  so  that  in  the  end  the 
chemical  energy  and  conditions  shall  remain  the  same,  and  at  the 
same  time  evolve  electrical  energy  without  a  thermo-electric 
conversion  when  the  only  tendency  towards  any  change  is  that 
of  uniform  distribution  by  conduction  ? 

Mr.  Steinmetz  :-  Yes,  by  a  transfer  of  heat  from  higher  to 
lower  temperature,  liy  changing  the  temperature  of  a  compound 
and  oppositely  changing  the  temperature  of  its  constituents  we 

f;et  less  heat  energy  hack  than  put  in,  and  the  difference  is  trans- 
ormed  intx)  chemical  affinity,  which   again  is   transformed   into 
electric  energy  if  the  electric  circuit  is  closed. 

Mr.  Keed  :--In  other  words,  it  is  e(juivalent  to  the  theory  that 
instead  of  this  being  a  thermo-electric  process  it  is  a  thermo- 
chemical  transformation  of  heat  into  chemical  energy. 

Mb.  Steinmetz  : — Yes  sir, 
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Mr.  Keed: — And  the  chemical  energy  so  produced  evolves 
electrical  energy,  the  initial  and  iinal  chemical  conditions  being 
identical  ? 

Mk,  Steinmetz  : — Yes  sir. 

Mr.  Ke]9I)  : — And  that  the  oxidation  of  the  iron  evolves  more 
energy  than  the  reduction  of  an  equal  amount  of  iron  which  goes 
on  simultaneously  with  it? 

Mk.  Steinmetz:-- At  the  different  temperatures,  yes. 

Mr.  Reed: — At  the  different  temperatures.  Well,  of  course 
there  is  nothing  in  these  experiments  to  prove  that  that  is  not 
true ;  but  if  we  assume  that,  then  we  might  apply  that  same 
reasoning  to  almost  any  chemical  action.  We  might  say  a 
chemical  action  could  take  place  in  one  part  of  an  electrolyte  and 
reverse  in  another  part  and  evolve  electrical  energy. 

Mr.  Stkinmktz  :  -It  seems  to  me  to  be  impossible  otherwise. 
Since  the  chemical  affinity  is  different  at  different  temperatures, 
if  in  the  same  electrolyte  oxidation  and  reduction  of  equal 
amounts  of  materials  take  place  simultaneously  but  at  different 
temperatures,  more  energy  must  be  produced  by  the  one  than 
consumed  by  the  other,  and  thus  a  difference  left  which  is  a 
function  of  the  difference  of  temperature  of  oxidation  and 
reduction. 

Mr.  Keed: — I  do  not  see  that  there  is  anything  in  these 
experiments  to  disprove  your  theory,  but  1  do  not  see  anything 
in  these  experiments  or  in  similar  ones  to  prove  it.  I  admit 
there  is  nothing  to  actually  disprove  that  that  is  the  process 
by  which  the  heat  of  the  flame  may  be  converted  into  electrical 
energy.  My  object  was,  as  already  stated,  to  show  that  ihe 
source  of  this  electrical  energy  was  the  heat.  JMow  as  to 
the  processes  through  which  tlie  energy  might  pass  before  it 
becomes  electrical  energy,  of  course,  it  is  easy  to  assume  that  it 
may  pass  through  a  thermo-chemical  process  such  as  you  have 
mentioned.  1  do  not  see  how  we  could  prove  that  that  was  not 
so.     These  experiments  certainly  do  not  prove  that. 

Mr.  Steinmetz: — The  ultimate  source  of  energy  is  undoubt- 
edly heat,  but  the  electric  energy  is  not  produced  by  heat,  but  by 
chemical  action  of  matter  just  as  in  any  galvanic  couple. 

Mr.  Kked  : — I  think  there  is  one  evidence  against  that  theory. 
It  is  that  chemical  affinities  do  not  act  in  that  way.  Chemical 
affinities  do  not  depend  on  differences  of  temperature.  Under 
a  given  pressure  a  chemical  reaction  takes  place  at  a  given 
temperature  and  continues  as  long  as  the  products  of  the  reac- 
tion do  not  interfere.  The  energy  evolved  by  a  chemical 
reaction  does  not  increase  with  the  tem])erature  at  which  it 
takes  place  But  the  experiments  of  Bouty,  Chroustchoff,  Sitni- 
koff  and  Carhart  all  show  that  the  electromotive  force  increases 
with  the  absolute  temperature  according  to  the  formula  for  thermo- 
electromotive  force  determined  by  Kelvin  and  Tait  for  metallic 
conductors.     If  chemical  affinity  causes  this  evolution  of  elec- 
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trieal  energy  and  abfiorption  of  heat,  we  eliould,  after  reaching  a 
certain  temperature,  be  able  to  convert  any  quantity  of  heat  into 
electrical  energy. 

Mr.  Mailloux  : — I  think  that  we  are  mostly  wrangling  about 
definitionfl  in  this  matter.  Our  knowledge  of  chemistry  has  been 
progressing  somewhat  as  a  consequence  of  the  work  done  by  such 
men  as  Berthelot,  Juliu8  Thomson,  and  others,  who  have  done 
so  much  in  the  field  of  thermochemistry.  To-day  there  are 
chemists  who  tell  us  that  oxidation  and  all  cognate  chemical 
phenomena  are  nothing  more  than  thermo- dynamical  phenomena; 
that  the  reactions  which  take  place  therein  are  functions  of 
change  of  volume  and  of  internal  strets ;  that,  in  a  word,  we  are 
dealing  with  a  problem  of  thermodynamics  pure  and  simple,  in 
nearly  all  if  not  in  all  chemical  reactions.  When  we  heat  a  sub- 
stance it  changes  in  size,  in  physical  condition  and  in  tempera- 
ture. A  part  of  the  heat  which  it  ab6orl)S  goes  to  dilate  the 
body,  and  becomes  latent.  It  does  physical  work  against  some 
resistance,  probably  j)urely  mechani(;al,  inside  the  molecule.  It 
is  the  intrinsic  energy  absorbed  by  the  body  itself  in  overcoming 
atmospheric  pressure  or  its  own  molecular  elasticity,  or  in  causing 
changes  of  internal  stress.  A  portion  of  the  heat  energy  remains 
available  and  ready  to  do  work.  It  may  be  provisionally  locked 
up  and  may  play  a  part  in  certain  internal  phenomena  in  the 
molecular  structure  just  referred  to,  but  upon  proper  conditions 
being  established  that  energy  is  immediately  restored  and  can  do 
work  outside  of  the  molecule  from  which  it  has  been  released. 
Many  chemists  believe  to  <lay  that  we  shall  soon  have  to  treat 
chemical  reactions  as  problems  in  physics.  Even  the  word  mole- 
cule is  looked  upon  with  suspicion.  We  are  coming  soon  to  a 
state  when  the  advance  in  the  science  of  thermodynamics  will 
give  us  all  the  information  that  is  necessary  to  explain  chemical 

Fhenomena.  Some  ten  years  ago,  in  a  lecture  before  the  Franklin 
nstitute,  I  called  attention  to  this  fact,  and  I  ventured  to  express 
the  belief  that  the  changes  in  volume  of  the  chemical  substances 
in  the  electrolytes  and  in  the  ])lates  in  the  storage  battery  are  a 
criterion  of  the  electrical  phenomena  involved  and  probably  will 
be  made  a  measure  of  it :  and  that,  in  general,  the  amount  of 
energy  necessary  to  chansre  the  volume  of  a  chemical  substance 
can  be  measured  bv  the  chantijc  in  volume  and  internal  stress. 
It  seems  to  me  that  in  this  instance  wc  are  dealing  with  a  case 
where  we  put  energy  at  tlic  boat  end,  some  of  which  is  necessarily 
absorbed  and  stored  in  dilating  the  substance,  or  in  other  internal 
physical  changes  or  reactions  (so  to  speak,  for  want  of  a  l)etter 
term),  while  a  portion  of  it  is  available  for  (»ther  purposes. 
At  the  time  that  we  uril<H*k  this  combination  of  heat  with  a 
body  (which  chemists  call  an  oxide  or  any  other  compound — it  is 
merely  a  substance  which  has  undergone  change  of  volume  by 
reason  of  energy  which  has  been  put  into  it),  that  is  to  say,  when 
we  make  the  transfer  of  energy,  and  bring  back  the  substance  to 
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it8  original  volume  and  to  ite  original  state,  if  we  do  it  at 
a  lower  temperature,  it  is  evident  that  the  mere  change  of 
temperature  makes  a  difference  in  the  intrinsic  energy  of  the 
body ;  just  as  much  as  there  is  a  difference  in  the  heat  energy 
necessary  to  dilat«  a  pound  of  water  at  100  degrees  and  at 
zero  degrees  centigrade.  So  it  seems  to  me  that  in  this  in- 
stance we  have  a  great  deal  of  energy  which  is  not  at  all 
chemical.  It  is  merely  physical  energy  involved  in  the  change 
of  the  molecular  volume  of  the  substance.  Faraday's  law  tells 
us  that  the  amount  of  electric  current  due  to  the  transforma- 
tion of  iron  into  oxide  and  of  oxide  into  iron  again  must  be  the  same, 
yet  it  is  done  under  different  conditions  of  electrical  pressure, 
if  that  pressure  be  due  to  molecular  changes,  whether  it  be 
due  to  the  heat  itself,  or  whether  it  be  due  to  any  other  physical 
condition  produced  by  the  heat,  there  must  necessarily  be  a 
change  of  energy,  a  difference  in  energy.  I  believe  that  the 
phenomenon  is  merely  one  in  which  we  have  changed  the  volume 
or  the  internal  stress  by  changing  the  temperature,  and  that  that 
energy  is  the  very  one  that  enters  into  play  and  is  rendered 
available  as  electrical  energy.  I  do  not  think  that  my  explana- 
tion is  as  clear  as  it  might  be,  because  this  is  a  problem  on  which 
most  of  us  are  still  largely  in  the  dark.  1  have  tried  simply  to 
convey  the  idea,  that  in  chemistry  we  are  dealing  largely  with 
thermodynamic  phenomena,  and  that  in  this  case  we  are  probably 
dealing  with  a  thermodynamic  phenomenon  in  wich  a  transfer 
of  energy  takes  place  from  the  hot  to  the  cold  body,  or  vice 
versa,  according  to  the  case,  merely  by  virtue  of  the  change  of 
volume,  or  of  internal  stress  caused  by  the  heat. 

bKCRETARY  PopE : — It  is  getting  late,  but  I  am  sure  we  would 
all  be  glad  to  hear  a  word  from  our  distinguished  foreign  mem- 
ber, Mr.  W.  M.  Mordey,  who  is  with  us  this  evening.  I  believe 
he  has  a  point  which  he  wishes  to  clear  up,  and  at  the  same  time 
he  might  perhaps  elucidate  some  of  the  points  that  have  been 
raised  in  this  discussion. 

The  Chairman  : — We  should  be  very  much  pleased  to  hear 
from  Mr.  Mordey. 

Mr.  Mordey  ; — As  I  came  in  late  1  did  not  have  the  advan- 
tage of  hearing  the  paper  read.  There  is  one  question  I  wish  to 
ask,  but  before  doing  so  I  will  say,  as  this  is  the  first  occasion  I 
have  had  the  honor  of  being  at  one  of  your  meetings,  although  I 
have  been  a  member  a  few  years,  how  very  glad  I  am  to  be  a 
guest  at  this  meeting  and  liow  much  I  feel  the  advantage  of 
being  a  member  of  this  Institute.  I  have  looked  to  this  Insti- 
tute to  keep  me  acquainted  with  progress  on  this  side  and  I 
have  admired  the  energy  and  ability  with  which  the  proceedings 
of  the  Institute  have  been  conducted.  By  the  papei's  you  have 
read  here  and  the  discussions,  and  the  way  in  which  they  are 
presented  in  the  Journal,  I  think  you  have  set  an  example  to  our 
older  institution  on  the  other  side  which  we  might  very  well 
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follow.  In  fact,  I  have  often  thought  that  you  show  the  evi- 
dence of  youth  and  virility  on  this  side  in  your  electrical  institu- 
tion as  you  do  in  other  ways.  Before  asking  the  question,  if  the 
author  would  permit  a  moment,  I  would  like  to  take  the  oppor- 
tunity of  saying  how  much  I  appreciate  the  great  kindness  that 
I  have  received,  the  hospitality  and  attention  I  have  received 
from  my  fellow  electrical  engineers  in  all  parts  of  the  country 
during  the  visit  of  some  live  or  six  weeks  1  have  been  making 
here — a  most  instructive  visit  to  me— and  I  have  been  very  glad 
to  renew  my  acquaintance  with  a  good  many  members  and  to 
make  the  acquaintance  of  others. 

The  only  question  1  wished  to  ask  here  was  as  to  whether  the 
arrangement  of  Figure  1  was  not  merely  an  arrangement  for 
getting  a  difference  of  temperature  between  the  two  rods  and 
whether  any  other  arrangement  by  which  he  obtained  the  same 
difference  of  temperature  wouli  not  have  the  same  effect; 
wlietlier,  for  instance,  if  he  had  two  rods,  as  shown  in  Figure  3, 
and  he  surrounded  one  of  them  by  a  cooling  jacket  of  some 
sort,  or  had,  we  will  say,  a  couple  of  small  holes  drilled  down, 
and  circulated  water  through  the  rod,  whether  he  would  not  in 
that  way,  by  getting  a  difference  of  temperature,  have  got  another 
result  in  Figure  3,  as  he  obtained  in  Figure  1  and  Figure  2. 

I  think  so  far  as  I  have  been  able  to  follow  the  paper  by 
glancing  through  it  after  the  reading  of  it  was  finished,  and  the 
discussions,  that  I  would  complain  that  the  author  has  not  given 
us  the  right  title,  but  I  think  Mr.  Steinmetz  has  indicated  the 
explanation  of  his  experiments;  I  think  in  using  the  term 
thermo-elef  trie,  he  made  perhaps  a  wrong  use  of  the  word  that 
we  are  familiar  with  in  another  sense,  in  a  thermo-electric  bat- 
tery we  are  accustomed  to  look  for  chemical  action.  I  think  the 
whole  of  the  author's  experiments  are  to  be  explained  on  the 
supposition  that  he  has  by  difference  of  temperature,  chemical 
actions  set  up — the  difference  of  temperature  in  one  to  be  more 
susceptible  to  chemical  action  than  the  othor.  The  paper  is 
thoughtfully  written,  and  I  have  no  doubt  that  the  author  has 
made  a  great  many  experiments  that  are  not  detailed  here,  and 
possibly  he  has  made  an  experiment  such  as  I  suggest  in  the 
cooling  by  artificial  external  means  of  the  two  electrodes.  I 
would  ask;  if  he  has  done  so,  whether  he  has  not  found  the 
difference  of  potential  that  he  got  in  the  arrangement  shown  in 
Figure  2. 

Mr.  Reed  : — I  would  reply  that  1  have  made  those  experi- 
ments and  found  in  all  cases  that  any  means  by  which  we  can 
maintain  a  difference  of  temperature  between  the  two  electrodes 
will  give  the  result.  Liebenow  and  Strasser,  in  their  paper  pre- 
viously referred  to,,  repeated  an  exj)eriment  which  I  tried  a  year 
or  so  before,  and  described  in  another  place,  of  using  two  iron 
tubes  bent — U  tubes  which  were  dipped  into  the  electrolyte,  one 
being  kept  cold  and  the  other  hot  by  a  stream  of  air  or  a  liquid, 
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New  Yokk,  May  17tb,  1898. 

The  annual  business  meeting  of  the  Institutb  was  held  this 
date,  and  was  called  to  order  by  President  Crocker  at  8:35  P.  M. 

The  following  associate  members  were  elected  at  the  meeting 
of  the  Executive  Committee  in  the  afternoon : 


Name. 

Cadou,  Felix  Louis. 


Dempster,  Thomas. 


Letheule.  Haul 


Address. 

Superinteiident  and  Electrician. 
Washington  Street  Railway  Co., 
Washington.  Ind. 

Electrical  Engineer,  General  Elec- 
tric Co..  Schenectady,  N.  Y. 


Electrical  Engineer,  Commissioned 
by  French  Government,  24  Front 
St.,  Schonectady,  N.  Y. 

JOH.NSTON,  IjIVlNObTON,  Jr.      Islip,  N.   Y. 


JosLTN,  Howard 


Assistant    Engineer,    Snotiuulraie 
Falls  Power  Co.,  Seattle,  Wash. 


Mahoney,  James  J.        Engineering  Assistant  to  Manager 

Railway  Dep't.  General  Electric 
Co..  115  W.  47th  St.,  New  York- 
City. 

Tayix)r.  Irving  A.  Motor  Inspector,   Edison   Electric 

Illuminating  Co.,  860  Pearl  St, 
Brooklyn,  N.  Y, 

Turnbi:ll.  Wallace  Rupert.     Foreman  of  Experimental 

Room.  General  Electric  Lamp 
Works;  residence,  29  S.  Arling- 
ton Ave.,  East  Orange,  N.  J. 

Sup't.  Eastern  Division,  Nova 
Scotia  Telephone,  Lt(l.,  New 
Glasgow,  N.  S. 

General  Manager,  Los  Angeles 
Railway  Co.,  1722  S.  Flower  St., 
Los  Angeles,  Cal. 


WiNFiELD,  James  H. 


Wood,  Fred.  W. 
Total  10. 


Endorsed  by 

F.  S.  Hunting. 
A.  A   Serva. 
W.  J.  Hammer. 

Chas.  P.  Steinmet/. 
Eskil  Berg. 
James  Lyman. 

Chas.  P.  Steilimetz. 
Ernest  Berg. 
James  Lyman, 

W.  H.  Ripley. 

F.  B.  Crocker. 

W.  II.   Freedman. 

I).  C.  Jackson. 
B  J.  Arnold. 
R.  W.  Pope. 

W.  B.  Potter. 
W.  J.  Clark. 

G.  F.  Sever. 

Jos.  Wetzler. 
W.  D.  Weaver. 
C.  J.  Field. 

Jno   W.  Howell. 
J.  T.  Marshall. 
W.  S.  Howell. 

Norman  Ross. 
F.  A.  Bowman. 
A.  R.  Cogswell. 

Frank  Van  Vleck. 

W.  F.  C.  Hasson. 

Harrison  C.  Wybro. 


259 


260  REPORT  OF  COUNCIL,  [May  17. 

TRANSFERRED  FROM  ASSOCIATE  TO  FULL  MEMBERSHIP. 


Approved  by  Board  of  Examiners,  April  2nd,  1893. 

BuRCH,  Edward  P.     Electrical    Engineer.    Twin    City  Rapid    Transit    Co  , 

Minneapolis,  Minn. 

Redman,  G.  A.  GenU  Sup't.   Electrical  Dep't  Brush  Electric  Light  Co. . 

and  Rochester  Gas  and  Electric  Co., Rochester, K.Y. 

BoGOs,  L.  S.  Pioneer  Electric  Co.,  Ogden,  Utah. 

Fischer,  Gustavk  J.  Engineer    for    Tramway    Construction,  Public    Works. 

Dept.,  Sydney,  N.  S.  W. 

Scott,  James  B.  Electrician  and  Mechanical  Engineer,   227  East  German 

St.,  Baltimore,  Md. 
Total  5. 

The  President  appointed  Townsend  Wolcott  and  J.  P.  Wint- 
ringliam  as  tellers,  and  Prof.  AV.  A.  Anthony,  C  S.  Bradley  and 
Charles  Blizard  as  a  Proxy  Committee. 

The  following  reports  of  the  Council  and  of  the  Treasurer 
were  read  and  accepted  : 

AMERICAN  INSTITUTE  OF  ELECTRICAL  ENGINEERS. 


Report  ok  Council  for  the  Year  Ending  April  3oth,  i8o3. 

New  York,  May  17,  iSyS. 

As  required  by  the  CoDstitution,  the  Council  presents  for  the  information 
of  the  Institute  at  large,  a  report  of  its  work  and  the  financial  standing  of 
the  organization  at  the  close  of  the  year. 

Three  meetings  of  the  Council,  and  eight  meetings  of  the  Executive 
Committee  have  been  held  during  the  year. 

Badges  of  the  new  design  referred  to  in  the  last  report  of  Council,  have 
since  been  manufactured  for  sale,  and  150  have  been  sold  to  the  member- 
ship. The  different  styles  are  kept  in  stock  so  that  there  has  been  no  delay 
in  furnishing  them.  They  are  numbered  consecutively  as  purchased  and 
usually  forwarded  the  day  following  the  receipt  of  order  About  232  of 
the  previous  design  are  still  outstanding,  32  having  been  rettirned  for  ex- 
change. 

The  monthly  meetings  during  the  past  season  have  been  held  on  the 
fourth  instead  of  the  third  Wednesday  of  each  month  This  change  was 
made  in  order  to  avoid  conflicting  dates  with  the  meetings  of  the  American 
Society  of  Civil  Engineers,  as  many  of  our  members  belong  also  to  that 
society. 

A  change  has  been  made  in  the  application  blanks  used  by  candidates 
for  membership,  separate  forms  now  being  used  for  associate  members  and 
for  subsequent  application  for  transfer.  The  old  form  used  for  both  pur- 
poses gave  rise  to  some  confusion  which  is  now  avoided. 

The  National  Electrical  Code,  which  was  formulated  by  the  National 
Conference  on  Standard  Electrical  Rules,  was  submitted  to  the  Institute 
for  approval  accompanied  by  a  report  by  Dr.  Francis  3.  Crocker,  who  was 
the  official  delegate  representing  the  Institute  in  the  conference.  The 
Code  was  submitted  for  discussion  by  the  members  at  meetings  held  in. 
New  York  and  Chicago,  September  29th,  1897.     The  Code  w^as  approved. 
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and  b)'  recommendation  of  the  meeting,  a  committee  was  subsequently  ap- 
pointed by  Council  to  report  to  the  Institute  any  revisions  which  in  its 
judgment  are  advisable.  Certain  recommendations  have  already  been 
made  by  this  committee  which  is  composed  of  the  following  members  : 

GARY.  T.  HUTCHINSON,  Chairman. 
A.  E.  KENNELLY,        S.  DANA  GREENE. 

By  direction  of  the  Executive  Committee,  the  Committee  on  Papers  and 
Meetings  was  authorized  to  arrange  for  a  meetmg  to  discuss  the  question 
of  the  Standardization  of  Dynamos,  Motors  and  Transformers.  This 
meeting  was  held  at  New  York  and  Chicago,  January  26th,  1898.  After  a 
thorough  discussion  the  whole  matter  was  referred  to  Council,  which  at  its 
meeting  March  23d,  appointed  the  following  committee  to  consider  and 
report  upon  the  subject : 

FRANCIS  B.  CROCKER,  Chairman. 
CARY  T.  HUTCHINSON,  C.  F.  STEINMETZ. 

A.  E.  KENNELLY,  L    B.  STILLWELL, 

J.  W.  LIEB.  Jr.,  ELIHU  THOMSON. 

• 

This  committee  has  alreadv  held  two  meetings,  but  on  account  of  the  na- 
ture of  its  work,  no  final  result  has  yet  been  reached,  although  very  satis- 
factory progress  has  been  made. 

In  accordance  with  instructions  given  by  Council  last  year  an  account 
has  been  opened  with  the  State  Trust  Company,  in  which  the  amount  of 
$600  has  been  deposited  which  will  be  known  and  reported  hereafter  as  the 
Compounded  Membership  Fund,  drawing  interest  at  2  per  cent. 

In  renewing  the  lease  of  the  Institite's  headquarters  in  the  Havemeyer 
Building,  a  slight  change  has  been  made  in  the  arrangement,  by  which  a 
separate  and  more  commodious  office  has  been  secured  at  the  same  rental 
for  the  use  of  the  Secretary  and  for  committee  meetings. 

At  the  meeting  of  Council  January  26th,  it  was  voted  that  the  next  Gen- 
eral Meeting  of  the  Institite  be  held  at  Omaha,  Neb.,  and  the  date  of  its 
opening  was  subsequently  fixed  for  June  27th. 

The  total  membership  at  the  close  of  last  year's  report  was  1,073,  classi- 
fied as  follows : 

Honorary  Memberft a 

Members  ... 350 

Associate  Members 721 


Toial 1,073 

Restored  to  Membership 2 

Associate  Members  elected  May  lAt,  1897,  to  April  joth,  1898 8^ 

'*               '*             '*         previous  yt ar  and  since  qualified 8 

Total 1,172 

Resignations  have  been  received  during  the  year  and  accepted 
from  the  following  members  in  good  standing  : 

CHARLES  L.  EIDLITZ,  JAMES  W.  CROSBY, 

STANLEY  G.  FLAGG,  Jr.,  CHARLES  D.  SHAIN, 

EDWIN  H.  HALL,  J    P.  B.  FISKE. 

FRANCIS  R.  HART.  G.  P.  WARDELL, 

E.  M.  IZARD,  C.  H.  SHARP, 
LAWRENCE  A.  McCAKTHY,  A.  G.  WEBSTER. 

F.  J.  A.  McKITTRICK,  P.  R.  MIDDLEMISS, 
W.  G    M.  THOMPSON,  LOUIS  S.  WRIGHT, 
LEONARD  C.  WASON.  W.M.  HOCHHAUSEN, 
FRANK  P.  MILLS.  GEO.  W.  TUTTLE, 

Total  resignations so 


ses 
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There  have  been  the  following  deaths  during  the  year  : 

JAMES  E.  GRIST,  GUSTAV  A.  LIEBIG,  Fr., 

ARTHUR  DB  LA  M.  LOZIER,  HORACE  S.  L.  VERLEY, 

NORMAN  R.  WEAVER,  WM.  H.  COTHREN, 

WM.  W.  GRISCOM,  O.  B.  SHALLEKHERGER, 

NELSON  W.  PERRY. 

Total  deaths 9 

I)rt)pped  as  delinquent a8 

Fleciioni  cancelled t 

Klecied  but  not  yet  qualified 16 


74 
1.098 


Leaving  a  total  membership  of  1,098  on  April  30th,  (a  net  gain  of  23),  classified  as 
follows : 

Honorary  Members 2 

Members 352 

A ««ociate  Members 744 

1,098 

A  list  of  the  members  elected  during  the  year  accompanies  this  report. 
The  names  have  already  appeared  in  the  Transactions. 

The  reports  of  the  Secretary  and  of  the  Treasurer  show  in  detail  the 

fmancial  standing  of  the  iNsriTrxE  at  the  close  of  the  Bscal  year,  together 

with  an  itemized  statement  of  receipts  and  disbursements  during  the  entire 

year  : 

SECRETARY'S  BALANCE  SHEET. 

For  thk  Fiscal  Year  Ending  April  30,  1898. 
Pr.  Cr, 

Keceipt<i  for  the  yesr $10,09701        By  cash  to  Treasurer  ..   $9*80361 

Cash  on  hand ,       aai  40 


$IO,C37  ot 


'C 

$10,027  ot 


ITEMIZED  STATEMENT  OF  RECEIPTS  AND  DISBURSEMENTS 

OF  THE  INSTITUTE. 

For  Fiscal  Year  Ending  April  30,  1898. 

General  Account. 


Receipts. 

Treasu:  er*s  balance  from  previous  year$i,a84  06 

Entrance  Fees..   .          •  4*5  00 

Life  .Membership  (C.  T.  Hutchinson).  100  00 

Fast  Dues 65564 

Current  Dues 7»879  79 

Advance  Dues 8000 

Electrotypes  Sold 8  36 

Transactions  Sold 445  7 « 

Transactions  Subscriptions an  50 


Advertising 

Received  for  Binding 

Certificates 

CoTgress  Book. . . . 

Reprints  Vol.  4. .. 


$11,311  07 


Disbursements. 

Chicago  Meetinfts $3700 

Library 450 

Ice , a6  60 

laundry      9  75 

Office  Expenses 9669 

"      Fixtures <8  55 

Expres« ««7  36 

Telegrams  ...   4  99 

Stenography  and  Typewriting..     .   .  845  83 

Stationery  and  Miscellaneous  Printing  3^9  06 

Postage 4*5  97 

Messenger  .Service 3  95 

Salary  Account a.500  00 

Meeting  Expenses     19809 

Rent  Office  and  Auditorium >»o9S  00 

Copyright 500 

Engraving  and  Electrotyping 489  78 

Binding 193  aa 

Publishing  TraniMct ions 9,63799 

Design  for  Badge a6  00 

Engro«sing 1 1  as 

Compounded  Members' ip  Fund 60000 

Secreiaiy's  Balance  to  next  year aai  40 

I'reasurer's  Balance  to  next  year 1,453.09 


Total,  $ii,3fi  07 
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Commercial  Department. 
Dr.  Cr. 


Cash  from  previous  year $162  07 

Sales  to  May  I  St 555  75 


♦7 » 7.8a 


Badges,  etc.,  bought $497  a8 

Engraving  Names 3504 

Badges  on  hand S37  00 

Bills  Receivable „  350* 

Cash  on  Hand '3  50 


I717  89 


All  ouutanding  bills  .igainst  the  Institi;tb«  were  paid  in  full  April  37th.,., 
ible. 


There  is  due  the  Institutb  and  probably  collectible $760  00 

Property  on  hand  according  to  inventory  May  i,  1898. 

Oflice  fumituie  and  fittings      $20979 

Catalogue  Type,  Cases,  etc '33  78 

Transactions  on  hand    3t<07  79 

Congress  Books 76471 

Library 20450 

$4,590  57 

TOTAL  NET  ASSETS. 

Building  Fund $97348 

Treasurer's  Balance  Mercantile  Bank >«453  09 

Secretary's  Balance,  Cash  on  Hand asi  40 

Secretary's  Commercial  Fund 185  50 

Compounded  Membership  Fund  in  State  Trust  Co 600  00 

Property  as  per  Inventory 4«590  57 

$7,954  04 

Respectfully  submitted  for  the  Council, 

RALPH  W.  POPE, 

Secretary, 


New  York,  May  17,  1898. 

TREASURERS   REPORT. 

From  April  30,  1897  to  May  i,  1898. 
George  A.  Hamilton.  Treasurer,  in  account  with 

American  Institute  ok  Electrical  Engineers* 

Dr. 

Balance  from  May«  1897 $1,28406 

Received  from  Secretary,  April  30,  1897  to  May  r,  189S 9*805  61    $11,089  ^7 

Cr. 

Payments  from  May  i.  1897,  on  warrants  from  Secretary,  Nos. 

879  to  996  inclusive $91^3658 

Balance  to  new  account ><453  09    $<>«o89  67 


BUILDING   FUND. 
(Mercantile    Trust    Co.) 

Balance  as  per  last  report $850  00 

Interest  accrued  to  May  1, 1898 0348         $973  48 
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COMPOUNDED  MEMBERSHIP  FUND. 
(State  Trust  Co.) 

Cdsh  from  General  Fund,  Oct.  I,  1897 $500  co 

Life  Membership,  C.  T.  Hutchinson 100  00 

$600  00 

Cash  book  and  warrants  herewith  for  audit.    Vouchers  are  in  the  hands 
of  the  Secretary,  to  whom  they  are  returned  for  filing  after  payment. 


GEORGE  A.  HAMILTON, 

Treasurer. 


New  York,  May  17,  1898, 


The  Tellers  subsequently  submitted  the  following  report : 

FOR  PRESIDENT. 
Total  Number  of  Votes  Cast 341 


Arthur  E.  Kennelly 293 

Francis  B.  Crocker 24 

Thomas  D.  Lockwood 10 

Charles  P.  Stein  metz 5 

Harris  J.  Ryan 3 

Total 


Thomas  A.  Edison 2 

Edward  L   Nichols 1 

Lewis  B.  Stillwell 1 

Joseph  Wetzler 1 

Alexander  Jay  Wurts 1 

341 


FOR  VICE-PRESIDENTS. 
Total  Number  of  Votes  Cast 1018 


William  Stanley 321 

Robert  B.  Owens 306 

Gary  T.  Hutchinson 260 

Carl  Hering 35 

Charles  F.  Scott ; 84 

C.  O.  Mailloux 8 

M.  L  Pupin 6 

William  A.  Anthony 5 

Bion  J.  Arnold 4 

Louis  Bell     8 

Charles  E,  Emery 8 

Francis  W.  Jones 3 

F.  A.  Pickernell 3 

Lewis  B.  Stillwell     3 

Frederick  Bedell 2 

Charles  R.  Cross 2 

Charles  Cuttriss 2 


Total, 


Stephen  D.  Field 

William  D.  Weaver. . 

J.  J.  Cartv  

Gano  S.  tiunn 

S.  Dana  Greene  

Elisha  Gray        

James  Hamblet  . . . . , 
Angus  S.  Hibbard. . . . 
Charles  R.  Huntley.. 
Dugald  C.Jackson... 
Thomas  D.  Lockwootl 
Edward  L.  Nichols. . . , 

F.  A.  C.  Perrine 

Frank  J.  Sprague  ... 

Nikola  Tesla 

Herbert  Laws  Webb. . 
Joseph  Wetzler , 

1019 


$ 

2 


FOR  MANAGERS. 
Total  Number  of  Votes  Cast 1357 


Charles  P.  Stcinmetz 324 

Samuel  Sheldon 318 

Herbert  Lloyd 816 

George  F.  Sever 311 

William  J.  Hammer 7 

C.  0.  Mailloux 4 

Harris  J.  Ryan 4 

William  D.  Weaver 4 


•  •  •  • 


Samuel  InsuU  . 
William  Maver,  Jr. . 

M.  I.  Pupin  

Joseph  Wetzler 

Elmer  G.  Willyoung 

Louis  B.  Marks 

Ralph  D.  Mershon... 
Max  Osterberg 


3 
8 
8 
8 
8 
8 
2 
S 
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Robert  B.  Owens 

Win.  Lispenard  Robb. 

E.  P.  Roberts  

Albert  L.  Rohrer 

Nikola  Tesla  

F.  X.  Waterman. . . . 
Norman  W.  Storer. . . 

Frederick  Redell 

Henry  S  Carhart  . . . 
Arthur  V.  Abbott... 
William  S.  Barstow. . 
Edward  D.  Brown  . . 
J .  Stanford  Brown  . . 

G.  Herbert  Condict. . 
Francis  B.  Crocker... 

Charles  Cuttriss 

Wm.  C.  L.  Eglin.... 
Louis  W.  Emerick. . . 
Charles  E.  Emerv 


2 
2 
2 
2 
2 
2 
2 
2 
2 


Reginald  A.  Fessenden 

William  H.  Freedman  

Caryl  D.  Raskins 

Edward  E.  Biggins 

Dugald  C.  Jackson 

A.  A .  Knudson 

Philip  A.  Lange. 

Thomas  D.  Lockwood 

T.  Comraerford  Martin 

Richard  H.  Pierce  

E  Wilbur  Rice.  Jr 

Howard  8.  Ro<lgers 

Frank  Stuart  Smith 

Frank  J.  Sprague 

Lewis  B  Stillwell 

Wilbur  M.  Stine 

Charles  F.  Uebelacker 

H.  Fleetwood  Albright 

Alexander  J.  Wurts. 


Total 1357 


Ralph  W.  Pope 


FOR  SECRETARY. 

Total  Number  of  Votes  Cast 839 

388      I      James  Hamblet. 

Total 839 


FOR  TREASURER. 

Total  Number  of  Votes  Cast     338 

George  A.  Hamilton 838      | 

Total  33^ 


The  total  number  of  voting  envelopes  handed  to  the  tellers  by  the  Secretary, 
-was  370.  Of  these  there  were  20  which  did  not  bear  the  a<ldre8S  of  the  sender, 
and  were  therefore  rejected  without  opening,  according  to  the  established  rule. 
There  were  furthermore  four  meml)ers  who  had  duplicated  their  votes,  and  the 
tellers  in  each  case  rejected  without  opening,  the  enveloi)e  bearing  the  earlier 
<late.  in  accordance  with  a  ruling  of  the  President.  This  left  846  envelopes  to 
Ik?  opened. 

Among  the  contained  ballots  were  two  endorse<l  with  the  sender's  name, 
which  were  forthwith  rejected  in  accordance  with  a  ruling  of  the  President. 
The  remaining  344  ballots  were  counted  with  tlie  foregoing  result. 

Respectfully  submitted. 

TOWNSEND  WOLCOTT, 

J.  P.  WINTRINGHAM. 

Ttllers. 


The  Proxy  Committee  reported  tliat   151    proxies  had   been 
presented  in  tlie  names  of  the  following  members  : 
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R.  W.  Po|)e 122 

C.  T.  Hutchinson » 20 

C.  P.  Steinmctz 5 

Gano  S.  Dunn 1 

James  Hamblet 1 

Samuel  Sheldon 1 

C.  P.  Steinmetz 1 

Total 151 

At  10:85  P.  M.  the  meeting  adjourned. 


AMERICAN  INSTITUTE  OF  ELECTRICAL 

ENGINEERS. 


Fifteenth  General  Meeting. 


Omaha,  Nebraska, 
June  27,  28,  29  and  30,  1898. 

The  meeting  was  called  to  order  !)y  President  A.  E.  Kennelly 
on  Monday,  June  27th,  at  9:45  A.  M. 

r^THE  President: — Before  we  open  our  regular  proceedings,  I 
have  the  pleasure  of  introducing  to  this  Institute  Acting  Mayor 
Bingham,  of  this  city.  He  informs  me  that  Mayor  IVioores  is 
unable  to  be  with  us,  and  in  his  place  Mr.  Bingham  will  be  so 
kind  as  to  say  a  few  words  to  us. 

Mr.  Binqham: — Mr.  President  and  Gentlemen: — Our  city 
charter  provides  that  during  the  absence  of  the  Mayor  from  the 
city,  the  President  of  the  City  Council  shall  perform  the  func- 
tions of  the  Mayor's  office.  Mayor  Moores  was  obliged  to  leave 
the  city  on  Saturday,  and  it  is  therefore  my  privilege  and  duty 
as  Acting  Mayor  to  extend  to  the  members  of  your  distinguished 
])ody  a  cordial  welcome  to  the  city  of  Omaha.  The  people  of 
the  west,  like  those  of  the  south,  have  a  reputation  for  liospi- 
tality,  and  I  assure  you  that  the  brand  dispensed  in  Omaha  is  the 
best  in  the  market,  and  that  the  supply  is  unlimited. 

We  welcome  you  to  the  State  of  Nebraska — a  wonderful 
State.  Could  you  traverse  our  rich  prairies  and  see  our  happy 
]ieople,  with  their  luxuriant  crops  and  sleek  herds  and  attractive 
homes,  you  would  be  amazed  if  you  have  hitherto  had  the  im- 
pression  that  Nebraska  is  a  State  where  drouth,  hot  winds,  cyclones 
and  blizzards,  regularly  follow  each  other  with  the  cHanging 
seasons.  Last  year  Nebraska  acknowledged  no  State  her  superior 
for  fertility  and  productiveness  of  soil,  and  many  of  you  would 
l>e  astonished  to  see  the  multitude  of  corn  cribs  and  wheat  gran- 
aries which  line  the  railroad  tracks  throughout  the  state  filled, 
even  at  this  season  of  the  year. 

267 


1868  FIFTEENTH  GENERAL  MEETING.  [Jiiue  27, 

We  welcome  you  also  to  our  city.  AVe  are  proud  of  its  indus- 
trial and  commercial  supremacy  in  tliis  central  trans-Mississippi 
region.  We  are  proud  of  our  city  because  of  the  character  of 
her  citizens,  to  whose  liberality,  skill,  push  and  energy  the  great 
Trans-Mississippi  and  International  Exposition  bears  tribute. 
W^e  are  proud  of  our  schools,  proud  of  our  public  buildings. 
We  are  proud  to  welcome  you,  gentlemen,  because  you  represent 
the  progressive  spirit  of  our  times.  This  has  been  called  the 
*'  Age  of  Electricity  ;"  and  certainly  no  other  description  could 
better  characterize  the  progress  of  the  last  half  century,  so  much 
of  it  due  to  the  changes  wrought  by  the  use  of  electricity. 
Gentlemen,  as  we  think  of  the  wonders  you  have  wrought  in  the 
past,  we  have  come  to  expect  great  things  from  you,  and  we  are 
prepared  to  accept,  with  scarcely  a  look  of  surprise,  the  great 
discoveries  in  the  field  of  electricity  which  we  know  you  will 
bring  to  us  in  the  next  decade.  And  now,  gentlemen,  in  order 
to  more  effectively  convince  you  of  the  welcome  which  Omaha 
and  her  citizens  extend  to  you,  I  present  you  with  these  keys  of 
the  city,  and  express  the  hope  that  your  visit  in  Omaha  may  be 
a  pleasant  one. 

The  President  : — I  think  our  Institute  may  be  proud  of 
these  insignia  presented  to  us  by  his  honor,  the  Mayor.  We 
can  heartily  assure  him  of  our  intention  to  thoroughly  enjoy  the 
many  advantages  and  pleasures  which  have  so  kindly  been  ex- 
tended to  us. 

We  intend  to  see  and  thoroughly  enjoy  the  Trans-Mississippi 
Exposition  at  Omaha,  and  we  have  the  honor  of  the  presence  of 
Mr.  Wattles,  who  is  President  of  that  institution,  and  if  he  will 
favor  us  with  a  few  remarks,  we  will  be  obliged  to  him. 

Mr.  Wattles  : — Mr.  President,  I  have  been  in  the  manage- 
ment of  the  Trans-Mississippi  and  International  Exposition,  and 
as  such  manager  I  take  pleasure  in  extending  to  you  a  most 
hearty  welcome  to  this  city  at  this  particular  time.  As  you 
know,  we  have  one  of  the  largest  expositions  that  has  ever  been 
held  in  the  world,  in  progress  here  within  the  limits  of  the  city 
of  Omaha  at  this  time.  We  have  an  electrical  display  on  these 
grounds  which  I  think  you  will  admit  stands  perhaps  as  the  mas- 
ter-piece of  electric  lighthig  effects  of  any  that  has  ever  been 
produced.  I  extend  to  you  a  hearty  and  cordial  invitation  to 
visit  the  grounds  frequentlv  and  observe  what  has  been  wrought 
out  there  as  the  result  of  still  and  genius  in  the  great  field  of 
electricity  during  the  past  few  years. 

The  Prf:sident: — Not  only  have  we  received  the  keys  to  the 
city  from  Mr.  Bingham,  but  we  have  received  the  keys  to  the 
Exposition  from  Mr.  Wattles.  I  am  sure  we  shall  all  appreciate 
these  kindnesses  most  heartily. 

We  have  with  us  a  gentleman  who  has  been  largely  identified 
with  the  electrical  matters,  as  well  as  with  other  matters  in 
Omaha,  and  who  is  an  electrician  of  long  standing.     I  allude 
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to  Mr.  E.  Rosewater.     AVe  shall  be  very  pleased  to  hear  from 
him. 

Mr.  Rosewatek  : — Mr.  President,  forty  years  a«^o  this  year  I 
entered  upon  my  apprenticeship  in  the  electrical  science,  if  such 
it  might  be  called.  During  something  like  thirteen  years  1  don't 
remember  of  having  lost  more  than  five  or  six  days  in  the  labor 
connected  with  telegraphy.  I  remember  that  while  stationed  in 
northern  Alabama  in  the  year  '59  I  was  so  anxious  to  perfect 
myself  in  the  art  of  telegraphy  or  whatever  there  was  in  electri- 
cal science  that  I  wrote  a  letter  to  Professor  Morse  asking  him 
for  advice,  and  I  received  an  autograph  letter  of  something  like 
four  ]>ages,  which  I  regret  very  much  was  lost  in  the  war  while 
in  the  neighborhood  of  Manassaa  during  the  year  1862,  while  I 
was  campaia:niiig  with  Hooker.  Prof.  Morse  wrote  me  there 
were  no  books  and  nothing  in  the  way  of  printed  literature  that 
would  be  available  to  instruct  me,  or  to  suggest  even  what  stud- 
ies I  might  enter  upon  in  order  to  perfect  myself  in  the  electri- 
cal science,  but  he  advised  me  to  observe  the  phenomena  that 
occurred  on  the  wires,  and  by  observing  it  get  that  information 
that  was  in  the  reach  of  operators.  In  those  days  we  could  not 
*'  climb  the  ladder  of  oflSce,"  but  we  had  to  climb  telegraph 
poles  very  nearly  every  other  day,  because  in  that  country  the 
operator  had  as  a  part  of  his  duties  the  business  of  keeping  the 
line  in  repair,  and  very  often  he  had  that  work  to  do  in  a  tem- 
erature  of  120  in  the  sun  or  105  or  106  in  the  shade,  and  he 
ad  to  carry  his  climbers  and  insulators  on  his  back  and  walk 
ten  or  fifteen  miles  and  climb  ten  or  twelve  poles,  and  making 
observations  in  those  davs  and  under  those  conditions  was  not 
always  as  agreeable  as  it  might  have  been.  I  remember  once  in 
middle  Tennessee  I  was  ordered  to  repair  a  line  that  had  been 
broken.  In  those  days  the  wires  were  so  arranged  that  they 
would  sli])  through  the  insulators,  and  spring  away  from  the  pole 
two  or  three  hundred  vards  or  half  a  mile  because  thev  were  not 
fastened,  and  I  had  to  hire  a  man  to  assist  me.  Although  the 
sky  was  clear  we  were  both  knocked  down  by  a  terrific  discharge 
of  electricity  thirty  miles  away.  Those  were  the  kind  of  obser- 
vations that  impressed  themselves  very  strongly  on  me.  I  want 
to  state  incidentally  that  perhaps  1  was,  in  the  telegraph  service, 
the  first  person  that  transmitted  dispatches  over  a  wire  without 
breaking  the  circuit,  and  it  is  perhaps  an  incident  that  may  be 
interesting.  I  was  in  AVest  Virginia  and  was  ordered  from  New 
Creek  into  the  Shenandoah  Valley.  1  left  Moorefield  and  I  had 
to  communicate  with  the  other  end  of  the  line.  I  did  not  dare 
to  cut  the  line,  and  I  had  nothing  with  me  but  a  small  piece  of 
wire  and  a  pocket  instrument,  and  knowing  that  the  operator 
was  at  the  other  end  of  the  line,  I  just  threw  my  copper  wire 
over  the  main  line  and  used  my  pocket  instrument  to  the  ground. 
In  that  way  I  got  in  communication  with  one  end  of  the  line 
without  cutting  the  line  at  all.     When  I  came  to  Omaha  I  as- 
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suined  the  office  of  Manager  of  the  Western  Union.  Mr.  Hib- 
bard  was  Superintendent  there  and  lie  insisted  that  the  tiling 
could  not  be  done.  I  insisted  that  it  could,  and  eventually  I 
had  the  opportunity  of  testing  it  again.  There  was  a  flood  in 
the  Platte  River,  and  when  we  arrived  we  found  the  wire  in  the 
water.  There  were  no  poles,  but  high  cottonwood  trees  on  each 
side.  AVe  pulled  the  wire  out,  and  as  we  were  within  ten  miles 
of  the  battery  we  were  very  badly  shocked,  and  it  was  impossible 
to  hold  the  wire.  The  repairer  said  that  he  couldn't  handle  the 
wire  and  must  cut  it.  I  said  "  No  ;  they  must  take  the  battery 
off."  I  grounded  the  wire  and  said  "  take  this  battery  off."  I 
suppose  tlie  instruments  on  the  table  almost  jumped  off  when 
we  grounded  the  wire,  but  the  operators  took  the  battery  off,  as 
we  suggested,  and  we  i*epaired  the  line  without  having  to  cut 
the  wire.  Some  year  or  two  later,  1  think  it  was,  Stearns  said, 
And  I  could  account  for  it  a  great  deal  easier  and  more  readily 
than  some  others,  that  messages  could  travel  in  opposite  direc- 
tions over  the  same  wire  at  the  same  time.  Telegraphy  ha.s 
taken  a  tremendous  jump  since  that  time,  and  electricity  has 
gone  far  l)eyond  me. 

Just  before  I  came  west  1  had  a  conference  with  Prof.  Henry, 
of  the  Smithsonian  Institution,  and  he  asked  me  to  report  from 
time  to  time  such  meteorological  observations  as  would  be  of 
special  interest.  I  think  I  was  the  first  person  that  served  under 
the  government  in  keeping  the  record  ot  the  weather.  1  kept 
the  books  at  Omaha  for  two  years.  The  records  show  the  tem- 
perature and  direction  of  the  wind,  etc.,  at  Omaha,  Julesburg, 
Fort  Bridges,  Fort  I^aramie,  Salt  Lake  City  and  numerous  other 
places.  Tliose  records  were  all  sent  to  Prof.  Henry.  They 
were  all  important,  but  there  is  one  in  particular  that  I  would 
like  to  call  attention  to,  as  I  think  it  is  very  interesting.  It  was 
in  the  winter  of  1804  during  a  blizzard  when  the  temperature 
was  down  to  20  degrees  below  zero  that  the  operators  were 
obliged  to  take  the  batteries  off,  and  I  sent  messages  both  sides 
of  Columbus  without  any  battery,  but  by  the  atmospheric  elec- 
tricity. I  did  not  know  what  the  cause  might  be,  but  I  thought 
it  might  be  due  to  an  aurora.  I  wrote  to  Frof.  Henry  in  regard 
to  what  had  happened,  and  he  wrote  back  that  it  was  caused  by 
the  small,  fine  particles  of  snow  drifting  through  the  air  from 
the  west  to  the  east  over  a  long  distance  of  wire,  and  that  was 
the  cause  of  all  the  trouble — and  there  is  no  doubt  that  Prof. 
Henry  was  correct.  I  have  drifted  away  from  the  electrical 
field  and  have  not  kept  pace  with  its  progress,  although  in  1891 
I  went  abroad  and  investigated  some  of  the  Postal  Teleecraphs  of 
the  world.  I  went  to  London,  Liverpool,  Manchester,  liirming- 
ham,  Paris,  Prague,  Berlin,  Hamburg  and  all  the  large  cities  of 
Europe,  and  made  a  very  thorough  investigation  of  tlie  methods 
in  use  there. 

I  appreciate  very  highly  the  compliment  you  have  paid  me  in 
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calling  Hie  before  a  convention  of  this  kind,  and  I  hope  we  will 
meet  often  during  the  progress  of  yonr  deliberations.  I  hope 
you  will  take  the  time  necessary  to  see  Omaha  and  get  a  favor- 
able impression  of  it,  not  only  of  the  Exposition,  but  of  the 
city — a  city  in  which  I  have  lived  for  34  years. 

The  regular  business  of  the  meeting  was  then  taken  up,  begin- 
ning with  the  Inaugural  Address  of  the  President,  as  follows: 


Inattiural  Address  by  the  President  at  the  isth 
Cfneral  MeeiiHg  of  the  American  Institute  of 
Electrical  Engineers^  Omaha,  yune  27th,  iSoS. 


THE    PRE8ENT    STATUS    OF    ELECTRICAL 

ENGINEERIN(;. 


BY  A.  K.  KENNKLLY. 


While  ineclianical  engineering  may  be  said  to  have  an  anti- 
quity coeval  with  civilization,  its  latest  offshoot,  electrical  engi- 
neering, only  came  into  existence  with  the  advent  of  the  electric 
telegraph  some  (>0  years  ago.  For  the  greater  part  of  this  time 
electrical  development  was  confined  to  the  telegraphic  industry, 
but  with  the  extended  introduction  of  the  arc  and  incandescent 
lamps,  the  utilization  of  the  magnetic  properties  of  iron  and  steel 
made  rapid  progress  iu  dynamo  construction,  so  that  the  mag- 
netic properties  of  steel  now  play  almost  as  important  a  part  in 
the  advance  of  civilization  as  do  their  mechanical  properties. 

By  far  the  greater  proportion  of  electric  development  has 
come  within  the  last  decade  and  a  half.  Looking  back  from  the 
Trans-Mississippi  Exposition  at  Omaha  of  to-day  to  the  Interna- 
tional Electrical  Exhibition  of  Philadelphia  in  1884,  the  birth- 
place of  the  American  Institute  of  Electrical  En^jineers,  it 
is  doubtful  whether  outside  of  telegrajAy  and  telephony  there 
was  at  that  time  in  the  United  States  a  total  investment  of 
Jfli  1,000,000  in  electrical  applications.  The  words  ammeter  and 
voltmeter  were  just  commencing  to  be  generally  recognized,  and 
of  electric  traction  there  was  none.  At  the  present  time  the 
capitalization  in  electrical  applications  in  the  United  States  is 
estimated  at  about  ;c>l,900,00O,<)()O. 

In  1884  a  50  k.  w.  dvnamo  was  considered  a  laroje  machine, 
while  a  100  k.  w.  Edison  steam  dynamo  was  justly  called  a 
".I umbo.''  At  the  present  time  the  largest  size  of  generator 
built  or  building  is  of  4,r»u<)  k.  w.  capacity.     The  price  of  dyna- 
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mo8  in  1882  was  about  20  cents  per  watt  of  out-put,  while  dyna- 
mos of  similar  running  speed  in  coinj)aratively  small  sizes  without 
switchboards,  now  cost  about  two  cents  per  watt.  The  great  re- 
duction in  price  represents  the  aggregated  result  of  the  very 
large  amount  of  labor  devoted  to  this  branch  of  engineering  in 
the  last  15  years. 

It  is  interesting  to  notice  that  the  efficiencies  of  continuous- 
current  dynamos  have  not  made  any  marked  nominal  advance 
since  the  birth  of  the  Instititk,  though  their  output  per  unit  of 
mass  has  considerably  increased.  Thus  the  50  k.  w.  dynamo 
tested  at  the  Philadelphia  Exhibition  is  stated  to  have  had  an 
efficiency  of  approximately  J>2jr^,  and  this  would  be  considered  a 
satisfactory  performance  in  that  size  of  machine  to-day.  But, 
where  the  output  then  was  only  six  watts  j)er  pound  of  net 
weight  (13.2  watts  per  kilo)  the  output  of  a  machine  of  similar 
rating  and  speed  to-day  would  be  about  10  watts  ])er  pound  (22 
watts  per  kilo.)  In  other  words,  the  efficiencies  of  the  best  dy- 
namos of  1884  were  already  so  good  that  it  has  not  paid,  at  ex- 
isting costs  of  power,  to  markedly  improve  them,  and  such 
improvements  in  material  and  design  as  have  since  been  effected 
have  enabled  manufacturers  to  increase  the  rating  or  yield,  and, 
therefor^,  the  cheapness  of  the  machines.  Ft  seems  probable, 
moreover,  that  this  will  continue  to  be  the  direction  of  future 
progress.  We  scarcely  can  desire  more  efficient  machines  than 
the  best  we  have  now,  but  we  shall  always  desire  cheaper  and 
more  powerful  machines,  and  shall  welcome  any  improvements 
which  lead  to  them. 

Another  evidence  of  the  development  in  dynamo  machinery 
is  their  improved  appearance.  Formerly,  the  only  claim  pos- 
sessed by  such  apparatus  was  utility.  More  recently,  grace,  the 
expression  of  unconscious  power,  has  supervened,  and  the  mod- 
ern dynamo  is  often  pleasing  to  look  u])on  as  well  as  useful  to 
operate. 

The  cost  of  generating  a  kilowatt-hour  of  electric  energy 
from  steam  for  electric  lighting,  ap])ear8  to  have  been  at  least 
7.5  cents  at  bus-bars  in  1884.  At  the  present  time  the  cost  of 
delivering  a  kilowatt-hour  to  large  street  railway  systems  from 
steam,  is  only  about  one  cent,  and  the  power-house  operating  costs 
are  reported  in  some  cases  as  low  as  half  a  cent.  In  municipal 
electric-lighting  systems  supplied  at  low  pressure  from  steam 
central  stations  and  hampered   by  relatively   heavy  distributing 
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expenses,  the  retail  price  of  the  kilowatt-hour  varies  from  20  to 
about  4^  cents,  according  to  the  locality  and  quantity  consumed. 
Niagara  power  is  now  lold  to  consumers  in  Buffalo  at  rates  vary- 
ing, according  to  the  amount  delivered,  from  two  cents  to 
slightly  less  than  two-thirds  of  a  cent  j)er  k.  w.  hour  delivered. 

The  price  of  1<>  candle-power  incandescent  lamp  1(>  years  ago 
was  about  $1.00.  Now  it  is  about  IS  cents.  The  best  lamps  at 
that  time,  under  laboratory  conditions,  gave  about  0.28  mean 
horizontal  normal  British  candle-power  |>er  watt,  and  under 
commercial  conditions  about  0.20.  The  highest  pressure  for 
which  they  could  then  be  obtained  was  about  110  volts.  At  the 
present  time  lamps  are  obtainable  giving  normally  0.4  mean  hor- 
izontal British  candles  per  watt,  while  under  commercial  condi- 
tions the  average  lamp  normally  develops  about  0.25  candle 
per  watt.  They  can  also  be  obtained  (at  0.25  candle  per  watt) 
for  pressures  ui>  to  240  volts,  and  are  frequently  installed  on  220- 
volt  mains. 

Arc  lamps  were  already  so  far  advanced  in  1884,  that  com- 
])aratively  little  improvement  in  their  eifectiveness  has  taken 
place,  the  gain  having  been  made  in  economy  of  operation. 
Thus,  the  carbons  which  cost  at  that  time  about  six  cents  apiece, 
now  cost  about  two  cents  apiece.  The  enclosed  arc  lamp  has  of 
recent  years  become  popular  owing  to  its  diffused  light  and  a 
carbon  life  of  from  100  to  150  hours. 

It  has  been  estimated  that  about  $r)00,000,000  has  been 
invested  up  to  the  present  time  in  electric  lighting  stations  and 
plants  in  the  United  States. 

The  best  storage  cells  tested  at  the  Philadelphia  Exhibition  of 
1 884  gave  a  yield,  under  laboratory  conditions,  of  3.425  watt- 
hours  per  pound  of  electrodes  (7.55  watt-hours  per  kilo)  with  an 
energy  efficiency  of  69.45  per  cent,  when  discharged  at  the  mean 
current  density  of  12.42  amperes  per  square  foot  of  negative 
plate  surface  (1.34  amperes  per  square  decimetre) ;  while  the  de- 
terioration was  comparatively  rapid.  At  the  present  time  storage 
cells  are  in  use  giving  under  laboratory  conditions,  a  yield  of 
from  5  to  6  watt-hours  per  pound  of  charged  cell  (11.0  to  13.23 
watt-hours  per  kilo),  with  an  energy  efficiency  of  about  85  per 
cent,  when  discharged  at  a  current  density  of  4.8  amperes  per 
square  foot  of  negative  plate  surface  (0.52  amperes  per  square 
decimetre.)  There  are  now  storage  batteries  installed  in  the 
United  States  to  the  aggregate  capacity  of  about  50,000  kilowatt- 
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hours.  The  largest  installation  has  1  tW»  cells,  weighs  500  short 
tons  and  has  an  eight-hour  discharge  capacity  of  22,400  ampere- 
hours,  or  ZVM\  K.  w.-hoiirs  at  140  volts  pressure. 

A  very  great  development  has  taken  j>lace  in  the  direction  of 
electric  traction,  by  virtue  of  which,  the  horse  car,  once  so  well 
nigh  ubiquitous  in  the  city  streets,  has  almost  entirely  disappeared, 
while  electric  locomotives  of  1,500  h.  p.  have  even  made  their 
appearance  on  steam  railroad  tracks.  The  introduction  of  soft 
cast  steel  has  been  very  advantageous  to  the  electric  motor, 
enabling  its  output  to  be  increased  from  five  watts  per  pound  of 
net  weight  in  1884,  (11  watts  per  kilo)  to  about  14  watts  per 
pound  (30.11  watt«  per  kilo)  in  street-car  motors,  at  the  present 
time.  It  is  estimated  that  there  are,  to-day,  in  the  United  States, 
about  14,000  miles  of  electric  railroad,  with  a  nominal  capital  of 
about  one  billion  dollars,  and  employing  about  170,000  men. 

The  electric  transmission  of  the  power  of  falling  water  ie  a 
branch  of  engineering  that  has  come  into  service  since  1884,  and 
is  making  rapid  strides,  owing  to  the  recent  successful  employ- 
ment of  high  voltages  and  multi-phase  alternating  currents.  It 
has  been  estimated  that  about  150,000  k.  w\  of  this  class  of 
raachinerv  is  installed  in  the  North  American  continent,  com- 
raercially  transmitting  power  to  various  distances  up  to  S5  miles, 
at  various  pressures  up  to  40,000  volts. 

The  alternating-current  induction  motor  has  become  very 
popular  in  recent  years,  mainly  owing  to  its  powerful  starting 
torque  and  its  freedom  from  counnutator  and  brushes.  A  burned- 
out  armature,  the  perpetual  source  of  dread  in  motor  o))erationg 
of  days  gone  by,  is  practically  unknown  in  this  type  of  machine, 
even  when  put  to  severe  service.  Indeed  its  depreciation  under 
fair  conditions  appears  to  be  as  low  as  in  any  class  of  rotating 
machinery. 

The  alternating-current  transformer  has  been  correspondingly 
improved,  developing  in  large  sizes,  an  efficiency  of  about  98.5 
per  cent.,  and  an  output,  when  cooled  by  external  power,  of 
about  100  watts  per  pound  of  weight  (220  watts  per  kilo.) 

The  principal  engineering  value  of  electricity  to-day,  lies  in  its 
adaptation  to  the  transmission  of  power,  through  mills  or  cities, 
or  from  some  locality  where  j)()wer  is  cheap  to  another  where  it 
is  dear.  A  steel  rope,  by  its  bodily  motion,  can  transmit,  with 
apj)reciable  friction  and  dei)reciation,  some  hundreds  of  kilowatts 
to  a  distance  of  some  thousands  of  feet.   A  bare  quiescent  copper 
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rope,  half  an  iiicli  in  diameter,  and  supported  on  poles,  can,  by 
maintaining  an  effective  potential  of  10,000  volts,  by  the  motion 
of  electric  waves  over  its  surface,  transmit  say  2,500  k.  w.  with 
an  energy  loss  of  two-thirds  per  cent,  per  mile  (0.4  |)er  cent,  per 
kilometer),  and  with  practically  no  depreciation  except  to  the 
poles  and  8up])ort8. 

The  use  of  high  pressures  has  thns  become  more  fre<(uent 
during  the  last  few  years.  Alternating-current  generators  are 
now  made  to  supply  10,0oo  volts  at  their  terminals,  and  insula- 
tion-testing sets  have  been  made  for  producing  alternating  pres- 
sures up  to  100,000  volts  effective. 

The  application  of  electric  power  to  domestic  use  and  house- 
hold comfort*!,  irrespective  of  illumination,  has  made  steady 
progress.  In  the  large  cities,  the  fan-motor  day  load  of  summer 
is  in  the  aggregate  a  perceptible  <juantity,  while  electric  ranges 
and  heaters  on  a  small  scale  have  found  favor  through  their 
convenience. 

In  telegraphy,  comparatively  little  change  has  recently  taken 
place,  beyond  the  substitution  of  the  dynamo  or  dynamotor  for 
the  voltaic  battery,  and  of  copper  line-wire  with  some  five  ohms 
per  mile,  for  iron  wire  \nth  some  13  ohms  per  mile.  About  one 
million  miles  of  telegraph  wire  are  now  strung  on  some  200,000 
miles  of  pole  line  in  the  United  States,  connecting  about  25,000 
offices  and  working  a  capitalization  of  about  one  hundred  and 
fifty  millions  of  dollars. 

In  the  United  States,  the  uniformity  of  the  ch>sed  circuit 
Morse  system  simplex,  duplex  or  quadruplex,  is  only  varied  by 
an  occasional  Wheatstone  set.  This  crystallization  of  methods 
is  not  due  to  any  lack  of  invention,  or  capability  of  improve- 
ment in  signaling  speed,  but  rather  to  the  a]>pareutly  settled 
belief  that  the  present  systems  are  the  most  economical  under 
existing  conditions  of  traffic.  In  long  submarine  telegraphy,  the 
pressure  of  increasing  traffic  has  made  itself  more  distinctly  felt, 
and  automatic  curb-senders  have,  to  some  extent,  been  intro- 
duced, but  the  physical  difficulties  in  the  way  of  attaining  high 
speeds  \\kvq  as  yet  been  obviated  only  in  part  by  an  increased 
expenditure  in  copper  and  gutta-percha,  to  obtain  a  diminished 
conductor  resistance  per  mile.  Wireless  telegraphy  has  entered 
its  experimental  stage,  and  bids  fair  to  enter  practical  service  in 
the  future,  at  least  within  a  limited  range.  Its  public  use  thus 
far  in  the  United  States  seems  to  have  been  limited  to  blowing 
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up  at  stated  intervals,  in  tlie  recent  New  York  Exhibition,  min- 
iature niodels  of  the  ^^  Maine,^'  at  a  distance  of  some  25  metres 
from  the  oscillator. 

In  telephony,  the  most  notable  improvement  in  recent  years 
has  been  the  general  substitution  of  metallic  circuits  for  ground 
return  circuits,  with  great  advantage  to  the  convenience  and 
eflFectiveness  of  the  traffic.  At  the  present  time  conversation  is 
carried  on  commercially  up  to  a  distance  of  1,800  miles,  and 
([uite  freciuently  at  distances  of  1,500  miles.  There  are  at  the 
present  time  in  the  United  States  about  l,o00,O00  telephones 
connected  with  the  telephone  service  of  the  country,  employing 
a  capitalization  of  about  100,000,000  of  dollars,  400,0 :;0  stations 
and  about  900,000  miles  of  wire.  Everyday  about  17,000  em- 
ployees make  on  the  average  more  than  8,000,000  of  connections. 
About  800,000  miles,  or  nearly  one-third  of  the  total  length  of 
telephone  wires  have,  within  the  last  few  years,  been  made  up 
into  aerial  and  subterranean  cables  within  city  limits,  owing  to 
the  reduction  of  the  electrostatic  capacity  effected  in  such  cabled 
wires  to  less  than  one-twelfth  of  a  microfarad  per  mile  of  single 
wire. 

At  no  time  has  a  useful  discovery  or  improvement  had  more 
chance  of  welcome  or  application  than  at  present.  As  an  exam- 
ple, the  case  of  Roentgen  rays  may  be  cited.  Professor  Roent- 
gen's celebrated  paper  announcing  the  discovery  of  X-rays  was 
read  in  Wurzburg  in  December,  1895,  and  the  particulars  were 
not  known  in  the  United  States  until  early  in  18iH).  In  the 
same  year  (December,  1S0(>)  radiographs  were  accepted  as  legal 
evidence  in  a  United  States  District  Court. 

A  considerable  development  has  occurred  in  electro-thermic 
and  electrolytic  processes.  More  than  4,000  kilowatts  of  Niag- 
ara power  are  now  employed  in  such  processes.  Among  electro- 
chemical processes  are  the  electrolytic  refining  of  copj)er  to  the 
extent  of  about  150,000  tons  annually,  the  production  of  alumin- 
ium, the  production  of  sodhim  and  alkalis  and  the  treatment  of 
ores.  Among  electro-thermic  processes  are  the  production  of 
the  carbides  of  silicon  and  calcium  in  steadily  increasing 
(juantities. 

In  electrotechnical  theory  considerable  advance  has  been  made 
of  recent  years,  particularly  in  the  study  of  alternating  currents. 
Accompanying  the  expansion  of  knowledge  in  the  various 
branches  there  is  a  tendency  to  combine  and  unite  them  into  one 
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general  theory.  Thus,  while  tlie  early  dynamos  generated  a 
low-tension  electricity  which  was  once  regarded  as  something  so 
dissimilar  to  high  tension  electricity  as  to  require  separate  treat- 
ment and  classification,  to-day  the  high -tensions  derived  from 
alternators  through  step-up  transformers,  so  far  invade  the  terri- 
tory of  so-called  frictional  electricity  that  a  dividing  line  between 
the  two  classes  can  no  longer  be  maintained.  Similarly  telephony 
and  telegraphy  are  coming  to  be  regarded  as  sub-classes  of  alter- 
nating current  power  transmission,  while  electricity  and  mag- 
netism cannot  properly  be  studied  apart. 

Although  a  large  amount  of  electrical  work  is  done  in  physical 
laboratories  in  the  United  States,  a  comparatively  small  amount 
of  the  results  of  this  work  becomes  available  to  the  science  or 
art  of  electrical  engineering.  Each  year  sees  more  than  a  hun- 
dred students  engaged  in  experimental  thesis  work  after  a 
laborious  training  and  preparation  for  several  years  in  the 
technical  college.  Many  of  these  men  have  the  time  and  facilities 
to  do  the  best  experimental  work  of  their  lives  under  the  guid- 
ance of  their  instructors.  Some  of  the  men  display  aptitude  and 
interest  in  some  special  line  of  research  in  which  they  would  be 
best  left  untrammeled,  but  in  most  cases  the  experimental  work 
under  co-operative  guidance  could  accomplish  a  great  deal  for 
the  knowledge  and  progress  of  our  branch  of  applied  science. 
There  are  numerous  questions  concerning  the  various  electro- 
magnetic properties  of  matter  and  of  tlie  ether  that  are  of  great 
and  growing  importiince,  and  there  are  numerous  scientific  sub- 
jects of  immediate  pi'ac'tical  importance  that  it  is  necessary  to 
measure  and  observe,  so  that  by  uniting  the  available  experimen- 
tal resources  of  the  various  colleges  in  this  country  under  a 
common  leadership,  in  sympathy  with  the  college  instructors,  the 
results  which  now  largely  fill  thesis  books  lying  on  neglecte4l 
shelves  might  be  incorporated  into  peimanent  results  for  the 
general  advancement  of  our  profession.  The  plan  would  involve 
practically  no  exj)enditure  beyond  the  voluntary  efforts  of  those 
U|>on  whom  the  duty  devolved  of  formulating  and  dividing  the 
subjects  of  research,  and  classifying  or  comparing  the  results 
attained.  Such  a  system  of  co-operation  among  the  students 
through  their  instructors  would  economize  a  large  amount  of  the 
most  skilled  technical  labor,  and  accelerate  progress  in  all  branches 
of  inquiry,  application,  and  industry.  Xo  better  work  could  Ihj 
undertaken  by  our  Institute  than  the  fostenng  of  su<*h  an 
organization. 
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The  teclmical  propcrewi  of  a  profession  like  ours  ip  shown  by 
the  prcoision  of  wliicli  it  is  capable.  A  loose  nomenclature 
l>eget8  looBeness  of  observation  and  description,  and  is  inconsis- 
tent with  a  hi^h  degree  of  development  in  a  science  that  quickens 
the  footsteps  of  every  human  industry.  The  tendency  of  our 
machinery  and  definitions  to  become  standardized  is  apparent  in 
tlie  impulse  which  has  led  the  American  Institute  of  Electri- 
cs a  l  £n<; INKERS  to  appoint  a  Committee  on  Standardization,  the 
preliminary  report  of  which  is  to-day  laid  before  this  Institute 
for  consideration. 

In  connection  with  standardization  it  is  important  to  observe 
that  there  has  been  of  recent  years  a  tendency  to  depart  from 
the  regular  standards  of  dynamo  machinery  built  by  the  manu- 
facturers, in  favor  of  special  machinery  of  independent  design. 
To  a  limited  extent  this  is,  of  course,  necessary  under  the  pres- 
sure of  changing  methods  and  conditions,  but  there  is  reason  to 
believe  that  much  more  special  machinery  is  built  than  necessity 
can  warrant.  Not  only  is  the  special  machinery  thus  ordered  or 
s|)ecitied  considerably  more  costly  than  standard  machinery, 
but  the  tendency,  by  interfering  with  the  natural  shop 
methods  of  standardizing  and  cheapening  production,  prevents 
regular  consumers  from  purchasing  standard  machinery  at  as 
U)w  rates  as  would  otherwise  be  possible.  When  we  consider 
that  the  industrial  radius  of  application  of  electricity  mainly 
depends  upon  the  first  cost  of  the  ap])aratus  it  employs,  it  needs 
no  homily  to  drive  home  the  conviction  that  the  unnecessary  in- 
troduction  of  special  machinery  is  a  puncture  in  the  tire  of 
progress. 

Our  Institute  mny  well  take  pride  in  the  share  which  it  has 
taken  in  the  electric  progress  of  the  fourteen  years  which  have 
elapsed  since  its  inception.  It  now  numbers  1100  members.  Its 
purpose  is  to  aid  all  who  seek  to  ac<juaint  themselves  with  this 
branch  of  science  and  art,  and  to  set  the  8tej)ping  stones  of  prog- 
ress in  the  sands  of  time  for  the  advance  of  the  industrial 
applications  of  electricity. 


A  PxtPt-r  presented  at  the  tsth  General  Meeting 
of  the  American  Institute  of  Electrical 
Engineers^  Otnaka^  June  27,  7«5^<?,  President 
Ken  nelly  in  the  Chair. 
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DIELECTRIC  STRENGTH  OF  AIR. 


BY   CHARLES   PROTEUS  8TEINMETZ. 


To  investigate  the  dielectric  strength  of  air,  tests  were  made 
of  the  striking  distances  in  air  between  parallel  cylinders  of  dif- 
ferent diameters,  between  sharp  points,  and  between  spheres  of 
diflferent  sizes.  Further  tests  were  made  on  the  effect  of  insert- 
ing a  conductor  in  or  near  the  path  of  the  disruptive  discharge 
and  invcEtigating  its  influence  on  the  striking  distance. 

As  source  of  power,  an  a-8  smootli  core  alternator  of  the 
Thomson- Houston  type  was  used,  of  about  30-k.  w.  capacity  and 
a  frequency  of  125  cycles,  giving  practically  a  sine  wave.  In 
other  tests  a  60-k.  w.  high-frequency  ironclad  alternator  of  the 
Thomson-Houston  type  was  used,  giving  the  well  known  saw- 
tooth form  of  wave.  The  alternator  was  driven  by  a  direct  cur- 
rent motor  of  ample  capacity. 

With  alternating  e.  m.  f.'b  of  only  125  cycles,  the  luminous 
phenomena,  as  brush  discharges  from  conductors,  etc.,  were  much 
less  marked  and  brilliant  than  observed  even  at  lower  voltages 
with  oscillating  currents  of  very  high  frequency,  as  given  by  a 
Thomson  transformer. 

For  the  purpose  of  these  tests  four  high-potential  transformers 
were  built,  of  the  ratio  of  transformation  I  :  18  and  of  a  rating 
of  about  7.5  k.  w.  each.  They  are  of  standard  air-blast  type,  but 
were  used  when  immersed  in  large  wooden  tanks  tilled  with  oil. 

Each  of  these  transformers  contains  two  primary  and  two 
secondary  coils,  the  two  high- potential  secondary  coils  in  the 
center,  the  low-potential  primary  coils  at  the  outside. 

The  utmost  care  was  taken  in  the  insulation  of  these  trans- 
formers and  it  proved  very  successful,  since  over  and  over  again 
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the  voltage  has  been  run  up  to  150,000  volts  and  beyond  and 
later  even  to  172,000  volts  without  ever  breaking  down  the 
transformer. 

The  high-potential  circuits  of  the  four  transformers  were  con- 
nected in  series.  To  avoid  the  danger  of  a  disruptive  discharge 
taking  place  from  the  outside  of  the  high-potential  transformer 
at  one  end  of  the  series  through  the  low-potential  coils  to  the  out- 
side of  the  high-potential  transformer  at  the  other  end  of  the 
series,  the  low-potential  primaries  were  not  connected  directly  to 
the  generator  in  parallel  with  each  other,  but  were  connected  to 
the  high-potential  sides  of  four  standard  type  f  transformers  of 
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General  Electric  make  of  7.5  k.  w.  each,  and  these  transfonners 
were  again  fed  by  another  set  of  four  standard  type  f  715  k.  w. 
transformers,  the  latter  being  connected  in  parallel  to  the  gen- 
erator. 

Thus  the  diagram  of  connections  was  as  follows  (Fig  1):  The 
generator  <;  feeds  in  parallel  the  high-potential  sides  of  four 
transformers  f'  which  step  down  in  the  ratio  10  :  1  or  10  :  .5. 
These  transformers  f'  feed  four  transformers  f*  which  step  up  in 
the  ratio  1  :  10  or  .5  :  10  and  feed  with  their  high  potential 
side  the  low- potential  coils  of  the  four  transformers  h^,  H|,  H3,  H4. 
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An  internal  disruptive  discharge  thus  has  to  pierce  two  high- 
potential  transformers  Hj  and  H4  and  four  standard  f  transformers. 

Incidentally  hereby  the  ratio  from  the  generator  to  high- 
potential  circuit  could  be  changed  between  I  to  36.0,  1  to  720,  and 
1  to  1440  by  changing  the  ratio  of  the  f  transformers,  that  is 
connecting  their  low-potential  coils  in  multiple  or  in  series. 

The  generator  was  driven  by  a  direct  current  motor  and  was 
separately  excited.  The  voltage  was  varied  by  varying  the  gen- 
erator excitation,  by  varying  the  ratio  of  transformation  of  the  f 
transformers,  and  by  cutting  more  or  less  of  the  high-potential 
transformers  out  of  circuit.  Thus  in  the  lowest  readings  only 
one  high-potential  transformer  was  used,  in  the  highest  readings 
all  four.  When  cutting  out  transformers  always  the  first  trans- 
former H4,  then  Hi,  and  last  n.,  were  cut  out,  leaving  ultimately 
only  H.^  in  circuit. 

The  F  transformers  were  generally  for  the  higher  voltage  used 
with  the  ratio  1  :  lo  in  f'  and  .5  :   10  in  f''. 

The  high  potential  voltage  was  derived  by  the  ratio  of  trans- 
formation, and  for  this  purpose  two  Weston  alternating  voltmeters 
with  10  :  1  voltmeter  transformers  were  inserted  on  the  low- 
potential  side  of  the  transformers  h,  and  Hg,  as  shown  by  v^  and 
Vj  in  Fig.  1.  They  were  calibrated  before  and  after  each  test. 
A  third  voltmeter  was  inserted  into  the  generator  circuit  with 
voltmeter  transformer,  and  is  shown  as  Vg.  Its  readings  were  not 
used  for  deriving  the  high-potential  voltage,  since  too  many 
transformations  were  intermediate.  Thus  it  was  used  merely  as 
a  check  and  for  guidance  in  operating  the  generator  field  rheostat. 

The  tests  were  made  in  the  usual  manner  by  setting  the  elec- 
trodes for  a  certain  distance,  then  closing  the  generator  switch 
and  gradually  raising  the  generator  excitation  while  following  the 
rise  of  the  voltmeter  needle,  until  the  discharge  took  place  and 
the  voltmeter  dropped.  Then  the  exciter  switch  was  opened,  the 
voltmeter  reading  recorded,  and  the  electrodes  reset  for  the  next 
test. 

For  the  tests  between  points,  2^*  sewing  needles  were  used  and 
for  every  test  a  new  pair  of  needles  taken,  since  it  was  not  con- 
sidered  sufficient  to  re-sharpen  the  needles  after  the  discharge  had 
taken  place. 

For  the  tests  between  cylinders  and  spheres  it  was  not  con- 
sidered sufficient  to  have  the  electrodes  polished,  since  no  polish 
can  give  an  absolutely  perfect  surface  without  any  minute  un- 
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evenness.  To  secure  a  perfect  smoothness,  a  film  of  liquid  quick- 
silver was  used  as  electrode  surface,  that  is  polished  brass  cylin- 
ders and  spheres  were  used,  and  were  immersed  in  a  solution  of 
mercuronitrate  and  afterwards  wiped  off  with  a  clean  cloth.  The 
fairly  thick  film  of  quicksilver  deposited  on  the  electrode  surface 
forms  a  liquid  and  thus  i)erfectly  smoorh  surface.  After  every 
discharge  the  electrodes  were  reamalgamated. 

The  effect  of  this  precaution  was  that  even  with  very  small 
distances,  the  discharge  appeared  constantly  at  the  same  voltage, 
while  with  merely  polished  electrodes  with  very  small  distances, 
a  more  or  less  erratic  behavior  takes  place  due  to  minute  uneven- 
ness  of  the  surface. 

Bfefore  undertaking  the  final  tests,  a  number  of  preliminary 
tests  were  made  to  determine, 

1).  The  constants  of  the  generator  and  the  transformers  and  the 
total  power  thus  available  in  the  discharge  circuit. 

2).  The  equality  of  the  ratio  of  transformation  of  all  four  set*  of 
transformers,  since  only  at  two  out  of  the  four  transformers  was 
the  voltage  measured. 

3).  The  constancy  of  the  ratio  of  transformation,  since  it  was 
relied  upon  for  determining  the  high  potential  voltage. 

i).  The  shape  of  the  generator  wave  and  its  variation  under  the 
conditions  of  test. 

Ist. — The  synchronous  impedance  of  the  generator  was 
found  as, 

Zo  =  r^  —j  a?o  =  3  —  12/, 

that  is,  at  an  excitation  corresponding  to  the  voltage  v  at  open 
circuit  with  a  current  6^  in  the  armature,  the  k.  m.  f.  C  r^  is  con- 
sumed in  phase  with  the  current,  the  k.  m.  f.  C  Xq  in  quadrature 
with    the    current,   thus   giving    the   terminal    voltage   V  =:  C 

Of  the  transformers  f'  and  f'',  of  rating  F  -125-7.5-1040-104-52, 
reduced  to  the  high  potential  or  1000-vo)t  coils,  it  is  : 

The  total  impedance, 

yj  =  r'  —j  x'  =  2.1  —  20/ 

The  primary  admittance,  that  is,  admittance  of  the  exciting 
circuit, 

l"=!/'+;j'  =  (.13  +  .'iii)10-'. 
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The  total  number  of  primary  turns  is  280,  the  total  nutnber  of 
secondary  turns  28,  of  which,  as  before  said,  two  could  be  con- 
nected in  parallel.  The  cross-section  of  the  magnetic  circuit  is 
82.4  sq.  in. 

Of  the  transformers  h,,  H2  Hj,  H4  of  rating  OC-125,-7.5,-27000,- 
15t)0  reduced  to  the  low  potential  or  1500-volt  coils,  it  is: 

Total  impedance, 

Zi  =  f\  — j  Xi  =  2.5  —  8.0^'. 
The  primary  admittance, 

r,  =  g,  +J  h  =  (.S-i  +  .5/)  io-». 

The  total  number  of  high-potential  turns  is  3458  per  trans- 
former, of  wire  No.  24  b  &  s,  subdivided  in  two  coils. 

The  total  number  of  low-potential  (1500  volt)  turns  is  192, 
subdivided  in  two  coils  also.  The  cross-section  of  the  magnetic 
circuit  is  46.5  sq.  in.  in  the  center,  72.9  sq.  in.  in  the  outside 
shell. 

Herefrom  we  get  for  the  whole  system  in  the  connection  used 
for  the  highest  voltage,  that  is  with  f'  connected  10  :  1,  and  ¥" 
connected  .5  to  10,  reduced  to  the  high-potential  discharge  circuit. 

Total  impedance  inclusive  generator, 

Z  =  4  X  IS'  Z,  +  4  X  18*^  Z»  +  4  X  36'^  Z'  +  144«  Z^ 

=  (80  — 390  y)  lu'ohms, 
or  absolute : 

3  =  398  X  10^  ohms, 

or  reduced  to  the  generator  circuit : 

Zj  =  r2  — j  ^^'=-  3.9  —  18.8^'  ohms. 

Total  admittance, 

=  (.37-+  .62/)  10-«mhos. 

or  reduced  to  the  generator  circuit, 

JTa  =  (7.7  +  12.8/)  10-»  mhos. 

Thus  with  150,000  volt^  between  the  discharge  terminals  at 

the  total  ratio  of  transformation  144,  the  terminal  voltage  of  the 

generator  is  about  1,100  volts  and  its  field  excitation  corresponds 

to  an  induced  voltage  at  open  circuit  of  about  V  =  1,280  volts. 

It  follows  herefrom  that  the  maximum  current  which  can  l>e 

produced  in  the  discharge  circuit  is  : 

y 
=  .465  amps.. 
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and  the  maximum  power  available  in  the  discharge  circuit  is: 

y% 

.  =  35.5  K.  w. 


At  this  voltage  the  maximum  density  in  the  core  of  the  trans- 
formers H  is  42.5  kilo  lines  per  sq.  in.,  or  6,600  lines  per  g({.  cm. 
In  the  transformers  f"  it  is  41.5  kilo  lines  per  sq.  in.,  or  ♦),4(Mj 
lines  per  sq.  cm.,  hence  far  below  saturation. 

2nd. — To  determine  the  equality  of  the  ratio  of  transformation, 
all  four  high-potential  transformers  were  connected  in  jiarallel 
with  their  high-potential  coils  and  in  series  with  their  low-]>oteu- 
tial  coils,  as  shown  in  Fig.  2,  and  the  voltages  across  the  low- 
potential  coils  read.     They  were, 

abed 
4T9         40d         401         401 

showing  that  the  first  transformer  has  a  slightly  higher  ratio  of 
transformation,  and  the  last  two  a  slightly  lower  ratio  than  the 
average. 
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Fig    2. 


Allowance  therefor  was  made  in  rednciug  \\\^  readings.  The 
correction  in  the  extreme  case  did  not  exceed  1.33jr. 

3rd. — Since  the  high  potential  was  derived  indirectly  by  volt- 
meter readings  on  the  low-potential  side  of  the  transformers,  it 
was  necessary  to  determine  whether  the  voltage  read  in  this 
manner  was  correct  and  whether  the  capacity  of  the  di>charge 
circuit  has  any  effect  on  the  ratio  of  transformation. 

For  this  purpose  the  high-potential  transformers  were  connected 
in  pairs  in  parallel  with  their  low-tension  and  in  series  with  their 
high-tension  sides,  the  one  pair  used  as  step- up  transformers,  the 
other  pair  as  step-down  transformers,  and  the  voltage  read  in 
both  low-tension  circuits,  as  shown  in  Fig.  3.  Then  step-up  and 
step-down  transformers  were  interchanged,  that  is,  the  generator 
was  connected  first  at  a,  then  at  J.     This  test  was  repeated  after 
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inserting  an  oil  coudenser  into  the  high- potential  circuit  at  c. 
This  condenser  consisted  of  twelve  iron  plates  of  about  J  sq.  ft. 
each,  separated  by  y  of  oil.  Two  such  boxes  of  condensers  were 
used  in  series,  giving  a  total  condenser  surface  of  about  5^  sq.  ft. 
per  electrode  and  IJ'^  oil  distance,  thu«  a  capacity  far  in  excess 
of  that  of  any  discharge  circuit. 

A  number  of  tests  were  made,  of  which  I  give  one  set. 
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Ratio  :  x  -}.  360. 

Generator  at  b-. 
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33-5 

20.3 

19.0 

24  2 

351 

19.8 

90. 6 

1 

1         44-9                 4»-8 

30  0 

a8.5 

43.a 

450 

99.5 

30.5 

66.8 

64.3 

39.9 

38.3 

65.3 

67.0 

39.4 

40.4 

93.0 

89.3 

45.6 

43  7 

91  0 

92.7 

44-5 

45.8 

'       loa.i                98.5 

1 

56.0 

53-5 

100.4 

loa.o 

54.7 

56.0 

117.6 

113.0     . 

115.8 

"7-3 

128.0 

las-i 

126.6 

ia8.6 

«34-4 

199.6 

132.2 

133.6 

Average  ratio : 

1.0405         I         1.0455         I         1.0201 
Average  without  condenser,  1.0303. 
Average  with  condenser,        1.0396. 
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Hence  1.0303  is  the  change  of  ratio  of  transformation  due  to 
three  times  the  exciting  current.  Thus  the  correction  for  tlie  ex- 
citing current  is  1.01^/.  The  relatively  very  large  condenser  in- 
serted into  the  high-potential  circuit  does  not  change  the  ratio  of 
transformation  by  as  much  as  1%.  Thus  the  very  much  smaller 
capacity  of  the  discharge  circuit  is  entirely  negligible  in  its  effect 
on  the  ratio  of  transformation.^ 

To  investigate  the  equality  of  the  ratio  of  transformation  of 
the  type  f  transformers,  the  transformers  were  connected  as  in 
Fig.  4,  that  is  the  same  way  as  during  tests,  but  with  the  high- 
potential  circuits  disconnected,  and  the  voltage  at  the  low-potential 
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Fig.  4. 


terminals  of  the  high- potential  transformers  read  at  o,  h^  e,  d  and 
at  the  generator  g.     It  was  found  : 


^ 

a 

47.5 

h 

c 

d 

50.3 

48.1 

47  2 

47.8 

746 

70  0 

70.7 

70.6 

71.0 

100.6 

97.0 

97.2 

^7  4 

97  3 

"7  3 

X2a.8 

133.2 

X23.0 

123  0 

35a-8 

J37.3 

3392 

338.2 

?39» 

Average  c/,  J,  c,  </  =  338.45, 


1.  This  is  due  to  the  relatively  very  low  st»lf-in<luction  of  X.\\v  step-uji  trans- 
formers compared  with  the  self-induction  «.»f.  for  instance,  a  Ruhmkorff  coil, 
etc. 
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Average  ratio: 

1J)425       I       .9966       |      1.0022     |       .9993       |      1.0(a9 
tliHt  ie,  the  four  sets  of  intermediate  traiipformers  f'  and  f"  are 
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of  identical  ratio  of  trangformation  within  a  small  fraction  of  one 
per  cent.,  and  the  drop  of  voltage  in  them  (which,  however,  is 
unessential  for  the  test)  amounts  to  4.25^.  Furthermore  it  fol- 
lows that  the  voltmeter  readings  at  the  low-potential  side  of  two 
of  the  step-up  transformers  give  the  high-potential  voltage  correct 
within  one  per  cent.,  hence  are  perfectly  reliable. 

4th. — The  shape  of  the  generator  wave  was  determined  by  in- 
stantaneous readings, 

a.  At  open  circuit.  A.  With  the  high-potential  transformers 
and  the  type  f  transformers  feeding  them  connected  to  the  gene- 
rator, c.  With  the  above  described  condensers  in  the  Ijigh- 
potential  circuit. 

The  same  connections  were  used  as  shown  in  Fig.  3,  and  the 
wave  shape  determined  at  the  generator  terminals  a  as  well  as  at 
the  terminals  of  the  step-down  transformer  %,  so  as  to  investigate 
whether  a  change  of  wave  shape  takes  place  by  the  transforma- 
tion.    The  following  values  were  found  : 


Degrees. 


At  generator, 

open 

circuit. 


xo 

20 

30 
40 

50 

60 

70 

80 

xoo 
no 
120 

130 
140 

150 

170 
180 


Katio 


max. 
eff~ 


«3 

78.5 

44- > 
644 
136 

82.5 
89.6 

95.5 

97-7 

95 
91. .^ 

86.5 

76.8 

63.2 

50- 5 

366 

19.9 
2.6 

1.42 


At  Kcnerator, 
no  condenser. 


7.25 
18 

.?5-5 
5?. 6 

ei.6 

66.0 

71  J 

77.3 
80,1 

77  5 

74.^5 
70.6 

61.6 

499 
41.25 

28.6 

13  3 
.6 


At  step  down 

transformers, 

no  condensers. 


5.8 

M4 
29.7 

48.2 

56.5 
60.1 

66.5 
72.8 
74.a 
72.5 
70.8 
f6.6 
58.6 
48.1 
40.2 
27.1 

13-4 
.0 


Atf^enerator, 
condenser. 

At  step-down 

transformer, 

condenser 

37 

5.3 

26 

25.8 

43-3 

42-3 

56.2 

53-9 

64.8 

60.7 

72.6 

693 

79-9 

77.5 

85.0 

81.9 

86.1 

82.3 

836 

79.8 

79.2 

75-« 

74.6 

70 

69.4 

65.8 

59 

56 

42.1 

38.7 

33.6 

81.8 

»4.75 

«3-4 

7-6 

8.3 

1.44^ 


1.43 


1.42 


1.42 


*  As  seen  in  Fig.  5,  this  narticular  wave  has  a  small  peak  at  the  maximum 
reading  which  causes  a  slightly  higher  ratio,  but  is  probably  merely  an  error 
of  observation  of  this  individual  reading. 
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that  is  1.008  times  the  value  corresponding  to  the  sine  wave. 

Hence,  the  generator  wave  has  within  less  than  \%  the  same 
ratio  of  maximum  to  effective  value  as  the  sine  wave,  and  this 
ratio  is  not  changed  by  transformation  nor  bj  capacity  in  the 
higli  potential  circuit. 

The  maximum  value  of  voltage  can  therefore  be  calculated 
from  the  effective  value  by  multiplying  by  1^2.  In  all  the  tests 
the  effective  vahies  of  voltage  are  given. 

To  conclude,  we  get  as  results  of  preliminary  testB: 

Voltmeter  readings  on  the  low-potential  side  of  the  high-poten- 
tial transformers  give  a  striking  voltage  correct  within  \%,  ir- 
respective of  the  capacity  of  the  discharge  circuit,  within  the 
limits  of  the  tests. 

The  wave  of  the  smooth  core  alternator  is  practically  a  sine 
wave,  and  is  not  changed  by  transfonuation  or  by  capacity  of  the 
discharge  circuit. 

Since  the  accuracy  of  the  striking  distance  determination  can- 
not well  exceed  1  to  2^,  these  preliminary  tests  show  the  method 
as  correct  within  the  errors  of  observation. 

In  the  tests  all  distances  are  given  in  inches,  since  they  were 
measured  in  inches,  and  the  reduction  to  cml  is  omitted. 

The  voltages  are  given  in  kilo-volts  effective,  and  the  max- 
imum voltages  thus  are   v'2  times  as  large. 

In  general  each  of  the  readings  given  in  the  table  is  the 
average  of  from  two  to  four  tests.  The  tests  are  recorded  in 
tables  I.  to  IX.  and  plotted  in  Figs.  6  to  17. 

It  is: 

Table  I.,  striking  distances  between  sharp  points  with  smooth 
core  and  with  ironclad  alternator,  the  latter  in  air,  fog  and  steam. 

Table  II.,  striking  distance  between  Y  spheres. 

Table  III.,  striking  distance  between  i"'  spheres. 

Table  IV.,  striking  distance  between  l'^  spheres. 

Table  V.,  striking  distance  between  2^^  spheres. 

Table  VI  ,  striking  distance  between  parallel  cylinders  of  .^IS'^ 
diameter  with  smooth  core  alternator  only. 

Table  VII ,  striking  distance  between  parallel  cylinders  of  .1 1 1 " 
diameter  with  smooth  core  alternator  only. 

Table  VI II.,  striking  distance  between  Y  spheres  with  brass 
disks  inserted  into  the  path  of  the  discharge,  with  smooth  core 
alternator. 
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Table  IX.,  striking  distance  between  }"  spheres  with  wet  plank 
parallel  to  the  path  of  the  discharge. 

Fig.  6,  sharp  points  witli  smooth  core  alternator,  observations 
marked  by  crosses. 

Fig.  7,  sharp  points  with  smooth  core  alternator.  Average  of 
two  sets  of  tests.     Observations  marked  by  crosses. 

Fig.  8,  Y  spheres.    Two  sets  of  tests.    Smooth  core  alternator. 

Fig.  9,  i"  spheres.  Average  of  two  sets  of  tests.  Smooth  core 
alternator. 

Fig.  10,  i"  spheres.     Smooth  core  alternator. 

Fig.  11,  V  spheres.     Smooth  core  alternator. 

Fig.  12,  2"  spheres.     Smooth  core  alternator. 

Fig.  13,  sharp  points  and  spheres.    Comparison  of  results  with 

smooth  core  alternator.     Sharp  points  showing  dotted  line. 

Fig.  14,  .313"  cylinders  with  smooth  core  alternator.  Maximum 
electrostatic  gradieut  marked  by  crosses. 

Fig.  15,  .111''  cylinders  with  smooth  core  alternator.  Maximum 
electrostatic  gradient  marked  by  crosses. 

Fig.  16,  sharp  points  with  ironclad  alternator.  Two  set  of 
tests  in  air,  one  in  fog  and  one  in  steam.  Smooth  core  alternator, 
curve  marked  by  dash-dotted  line. 

Fig.  17,  sharp  points  and  spheres.  Comparison  of  results  with 
ironclad  alternator.  Curve  of  sharp  points  in  dotted  lines. 
Sharp  points  with  smooth  core  alternator  marked  with  dash- 
dotted  lines. 

The  following  has  to  be  remarked  regarding  these  tests: — 

All  distances  given  are  net,  that  is,  from  the  surface  of  sphere 
and  cylinder  to  the  surface  of  the  other  cylinder  and  sphere,  etc. 
Connection  of  the  high-potential  transformers  h,,  H2,  iij,  H4  and 
the  intennediary  transformers  f'  and  f"  with  the  generator  g  and 
the  voltmeters  Vj,  Vj,  V3,  were  in  all  the  tests,  as  shown  in  Fig.  1. 
As  stated  before,  the  voltmeter  readings  of  Vj  and  v^  were  aver- 
aged to  calculate  the  striking  voltage,  while  the  voltmeter  read- 
ing Vg  was  used  merely  as  check.  An  ammeter  was  also  inserted 
into  the  generator  circuit  at  a  as  check  to  observe  capacity  effects. 

Generally  the  intermediary  transformers  near  the  generator,  f', 
were  connected  for  the  ratio  I  to  10,  the  transformers  f"  for  the 
ratio  1  :  20. 
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For  lower  readings  the  high-potential  transformers  were  gradu- 
ally cut  out  in  the  order  H4,  Hj,  Hs,  leaving  ultimately  onl}'  Hj  in 
circuit. 

Under  the  floor  of  the  testing  room  were  a  number  of  steam 
pipes  from  which  some  steam  was  escaping,  so  that  the  air  in  the 
testing  room  was  always  moderately  moist. 


TABLE  I. 

POI  NTS. 

« 

2i'  needles.      125  c} 

'clcs. 

Smooth  Core  Alternator: 

I 

roaclad  Alternator: 

1 
1 

A-io- 30-1500. 

A-10-O0-X500. 

Kilovolts:  effective. 

i^. 

KilovnUs :  effective. 

'        C  *!> 

c  £ 

a'fl 

2  u 

**  ^ 

'    -2.2 

1    C 

7-ai-'96  ♦ 

^"iniif  ^'Average. 

1 

■^-       7-24-'96t 

J«n-  '95 

Average. 

Jan    '95 

Jan.  '95 

,      J: 

in  air. 

d: 

m  air 

in  air. 

in  fog. 

in  steam 

1 

as 

4-25 

1 
1 

•»5 

4J3 

■ 

~*  "~ 

;    -5 

lO.O 

1 

5 

9.0 

xo  0 

9.5 

11.0 

M-S 

x.o 

30  4 

1 

x.o 

16  9 

18.5 

17.7 

23.0 

25.3 

;  *-5 

29.3 

1 

'•5 

34-3 

26.0 

25.1 

31.0 

35-5 

1       3.0 

35-3 

1 

2.0 

30.5 

30-5 

30.5 

38.0 

430 

25 

40.4 

, 

2-5 

3}-9 

35.0 

34-4 

♦2-5 

5«.3 

3-0 

4«.6 

30 

36.3 

38.0 

37- » 

48.0 

54.5 

1      35 

49  4 

1 

3-5            4a.a 

41.7 

43.0 

5».o 

63.0 

'     4.0 

5»  5 

40            4x3 

45.0 

43.2 

55  5 

1      45 

596 

4-5             4^-5 

48.0 

46.7 

61.0 

1      5.0 

61.0 

50            48.4 

5-»5 

49.5 

5-5 

65-7 

5-5      1       530 

^i;.o 

.S4.0 

1      60 

(k,.^ 

69.5          (<)  H 

6.0      1       56  1 

58.8^ 

574 

1     6-5 

73  4 

74-7              74.05 

65            59-8 

02.0 

60.9 

» 

,      70 

77-5 

79-2             76-35 

7.0     \      63  3 

C4.7 

6«.o 

1     7.5 

83.8 

83.0             83.4 

7.5      1       ^7-5 

69.0 

683 

1     S.o 

85.8 

87.3      ,      87  d5 

3.0             70.9 

•'3-4 

72.1 

.     *5 

90.5 

90.  a             90  35 

8.5      ,       758 

76.0 

759 

1     q.o 

95.0 

91-7             94.35 

9  0     1       79  8 

70.2 

79  .«i 

1 

1     9-5 

97.7 

96.3             97-0 

9.5     i      84.H 

82.5 

836 

1 

TO.O 

101.5 

99  0           X00.25 

lo.o     1       88  8 

86.4 

87  6 

1 

1 

10.  s 

107.0 

103.0            105.0 

10.5            93.5 

So  5 

91.5 

1 

IX.O 

111.5 

107.5            109  5 

11.0      ,       977 

93.0 

95-4 

J 

.    "5 

1140 

110.5            i\^.\ 

11.5           102.0 

1 

,     I9.0 

I3I.O 

116.0            118.5 

1     12.0           »o7.7 

[ 

'      ia.5 

"55 

130.0                133.75 

,      12.5            Ilt.O 

1 

1 

13.0 

1330 

123.0                128.0 

x».o      ,     1175 

1 

I 

1 

»3-i 

135.0           127.0           i3».o 

13.5      ^     122.5 

1 

14.0 

140.- 1 

129.0            i?4  5 

1     14.0           128.0 

1 

'     14.5 

1440 

1^6.0            140.0 

!      M.5           i.H  4 

1 

1    15.0 

150.0 

15.0           138.3 

1 

,    155 

155.0 

1 

'    16.0 

1 

»59  5» 

1 

■ 

1 

*  85°  K.    Weather  sultry. 

t  750-80'  F.     Weather  clear  and  bright. 

X  70"  K.     Weather  cool  and  cloudy. 

$  (nternal  discharges  in  intermediary  transformers  f'  k'. 


In  most  of  the  tests  the  temperature  and  the  Weather  are  given 
from  the  record  sheets.  The  meteorological  record  of  the  days 
during  which  tests  were  made  is  given  in  Table  X.  To  check 
the  influence  of  the  weather,  a  few  readings  with  1 "  sj)heres  and 
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ironclad  generator  were  repeated  on  a  sultry  and  rainy  day,  but 
found  to  agree  with  the  readings  taken  on  a  clear  and  bright  day. 
With  the  K.  M.  F.  of  the  smooth  core  alternator  brush  dis- 
charges at  the  electrodes  were  observed  by  the  hissing  noise  pro- 
duced  by    them  when  the   potential   approached   the  striking 


10  :20   30   40   50   GO   70   dO   UO  100  110  120  130  110  150  160 

KIL0V0LT8  EFFECTIVE 

Fig.  (t.    Points,  Smooth  Core  Alternator,  135  Cycles. 

voltage,  and  at  greater  distance  even  far  below  this,  with  sharp 
points  with  smaller  spheres  and  with  parallel  cylinders  of  smaller 
diameter,  less  pronounced  with  larger  spheres  and  })arallel  cylin- 
ders of  large  diameter. 
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When  approacliing  160,000  volts  effective  witli  a  snioutb  core 
alternator,  electrostatic  discharges  took  place  inside  of  the  inter- 
mediarj  transformers  f'  and  f',  apparently  between  primary  and 
secondary.  It  seems  the  transformers  acted  as  a  system  of  xix 
condensers  in  series,  the  two  outside  high-potential  transformers 
H,  and  lit  "id  the  two  sets  of  intermediary  tranefomierB  v'  and  v" 
connftcted  thereto  with  the  insulation  between  primaries  and 
Eecondaries  as  dielectric.    At  or  near  160,000  volts  the  electro- 
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Points,  Smooth  Ci^rf  Alternator,  13S  Cyclei. 


static  stress  azceedeil  the  disruptive  strength  of  the  insulation 
between  primary  and  secondary  in  f'  ami  k".  Siiiee,  however, 
the  insulation  between  h,  and  n^  resisted,  no  arc  followed  the 
discharge.  Nevertheless,  even  at  lower  voltage,  a  nunilier  of  in- 
termediary transformers,  f'  and  f  ",  were  pierced. 

With  tbt  ironclad  alternator  with  sharp  points  as  well  as  witli 
brasa  apherea,   the    breaking-down    {K>iiit   was    ijnite   unstable. 
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Although  the  brass  spheres  were  polished,  amalgaraated  and 
nibbed  smooth  before  each  test  with  the  same  care  as  in  the  tests 
with  the  smooth  core  alternator,  nevertheless  the  readings  are  far 
more  erratic  and  in  several  instances  the  same  disruptive  voltage 
was  found  with  a  change  of  the  striking  distance  of  as  much  as 
1".     In  the  record  sheets  all  (juestionable  readings  are  omitted. 

With  the  ironclad  alternator,  at  voltages  of  80,000  and  upward, 
almost  always  several  heavy  electrostatic  discharges  took  place 
between  the  electrodes  before  the  disruptive  voltage  was  reached^ 


TABLE  II. 
H'  SPHERES. 

Amalgamated.     125  Cycles. 


Smooth  Core  AlterDator : 
A- 10-30-1500. 


Digtance, 
inches. 


Kilovolls :  effective. 


.125 

•25 

.50 

.985 

J  ♦? 
a  o 
2.97 

3-5« 
01 

03 

5 

99 

o 

o 

03 


7-1 3-' q6. 
7-i4-'96.* 


\ 

I 

I 


4 
5 
5 
5 
7 
8 

9 
10.02 

II.OI 


8.18 
la.g 
18.65 
23.4 
848 
34-7 
43-6 

565 
67.0 

770 
86.8 
96.0 

»03-5 
108.7 

III  5 


7-25- '9^. 


44.8 
50.0 
56 
66, 

71. 
76 

83 


90.6 


100. 


Average. 


44.2 

56.45 
66.5 

76.7 
85.2 
93  3 

104.62 


IroDcIad  Alternator: 

A-ic-60- 

1500. 

Distance, 

Kilovolts ; 

inches. 

effective. 

d: 

7-a.-'96-  + 

.125 

64 

.25 

"•3 

•5 

»3-4 
i8.a 

I.O 

i.5?3 

23-3 

2.0 

28.2 

30 

37.8 

4.0 

47.7 

4-97 

538 

5-97 

58.0 

7.0 

65.8 

8.0 

751 

8*97 

86  2 

lO.O 

984 

1 1.0 

1085 

•  8o*-9o®  F.     Wfaiher  clear  and  bright. 
t  75<'-8o^  F.     Weather  rainy  and  sultry 

frequently  as  much  as  1,000  to  1,500  and  even  2,000  volts  below 
the  actual  striking  voltage.  These  discharges  were  never  observed 
with  the  smooth  core  alternator,  but  were  most  marked  with  i" 
and  I  '  spheres  and  with  sharp  points.  To  investigate  the  fre- 
quency, a  Thomson  transformer,  that  is  a  transformer  consisting 
of  a  small  number  of  primary  and  of  secondary  turns  wound  in 
air  (without  iron  core)  was  inserted  in  series  in  the  discharge  cir- 
cuit with  sharp  points  as  electrodes,  and  the  secondary  terminals 
of  this  Thomson  transformer  separated  by  a  gap  of  f ''.  When 
approaching  the  striking  voltage,  but  before  the  final  disruptive 
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discharge  took  place,  a  contiDUOus  discharge  passed  across  the  J" 
air-gap  of  the  secondary  circuit  of  the  Thomson  transformer, 
showing  thus  the  existence  of  an  oscillatory  or  very  higli  fre- 
quency effect. 

Photographic  investigations  of  the  phenomena  taking  place 
during  the  disruptive  discharge  have  shown  that  it  always  consists 
of  an  oscillating  electrostatic  discharge  with  at  least  two  or  three 
well  marked  oscillations  followed  afterwards  by  an  arc,  as  I  have 
discussed  more  fully  in  a  previous  article  on  "Photographic  Study 
of  a  150,000- volt  Power  Discharge." 
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Fio.  8.    i"  Sphere?.    Smo<»th  Core  Alternator,  195  Cycles. 

Condenser  effects  were  observed  only  once  when  two  insulated 
brass  disks  were  inserted  in  the  path  of  the  discharge  between  Y 
spheres  separated  by  9^",  and  these  brass  disks  brought  very 
close,  within  Y  to  the  discharge  terminals.  In  this  case  the  pri- 
mary current  in  the  generator  circuit  rose.  As  above  discussed, 
capacity  within  a  reasonable  limit  has  no  effect  on  the  ratio  of 
transformation,  but  would  show  a  rise  of  the  current  in  the  gen- 
erator circuit,  and  no  such  rise  was  observed,  except  in  the  above 
mentioned  case. 
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Kegardiiig  the  efiFect  of  frequency  on  the  striking  distance, 
within  the  range  of  frequency  easily  accessible,  that  is  from  40 
to  125  cycles,  no  noticeable  change  was  observed. 

Of  more  general  interest  are  the  tests  of  the  striking  distance 
made  with  the  smooth  core  alternator  in  which  the  wave  is  nearly 
a  sine  wave  and  the  ratio  of  maximum  to  effective  e.  m.  f.  thus 
constant  and  known.  The  striking  distance  with  the  ironclad 
alternator  are  of  interest  only  in  so  far  as  they  show  which  devia- 
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Fig.  9.    f  Spheres.    Smooth  Core  Alternator,  125  Cycles. 


tions  from  the  sine  wave  curve  can  he  expecte<l  with  this  type  of 
machine  most  commonly  in  use,  of  sawtooth  wave  6ha[)e.  Since, 
however,  during  the  tests  the  voltage  was  varied  by  varying  the 
alternator  excitation  and  the  wave  shape  of  the  ironclad  changes 
more  or  less  with  the  excitation,  these  curves  are  of  comparative 
interest  only. 

llestricting  thus  at  first  our  attention   to  the  tests  made  with 
the  smooth  core  alternator,  we  find  the  striking  distance  between 
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parallel  cylinders  in  Tables  VI  and  VII  and  Fig.  14  and  15  rep- 
resented by  curved  lines,  the  striking  distance  increasing  faster 
than  the  voltage.  The  curve  of  parallel  cylinders  of  larger  di- 
ameter resembles  the  lower  part  of  the  curve  of  cylinders  of 
smaller  diameter  in  increased  scale,  as  is  to  be  expected. 

Very  interesting  is  the  curve  of  striking  distance  between 
sharp  ])oints,  Table  I  and  Figs.  6  and  7.  It  starts  in  a  straight 
line,  the  striking  distance  being  proportional  to  the  voltage  at  the 
rate  of  20,( HK)  volts  per  inch.  At  about  \Y  distance  the  curve 
})en<ls  upward  and  passes  into  a  second  straight  line  which  it  fol- 


TABLE  111. 
W  SPHERES. 

Amalgamated.      125  Cycles. 


Smooth  Core  Alternator:   A-10-30-1500. 

Ironclad  Alternator  :  A-ro-60- 1500. 

« 

1 

Distance,  inches. 

Kilovolts :  effective. 
7-23-;96. 
7-14-  96.* 

8.2 

Distance,  inches. 
d: 

Kilovolts ;  effective. 

7-20-'96.  ♦ 

"5 

125 

6.86 

•25 

«4.6 

•25 

11.9 

.485 

aa.o 

•5 

'7-5 

•94 

31.3 

I.O 

27  9 

«-5 

3^1 

«-5 

26  5 

2.0 

39-4 

3.0 

35-4 

»  5 

44  4 

2  07 

440 

3.90 

47* 

40 

51  2 

4  0 

59  4 

4-95 

561 

50 

68.0 

5  94 

60.0 

6c6 

790 

6.97 

68.8 

6.97 

84.0 

7  97 

77-5 

7.<)7 

95.0 

897 

8S.0 

VO 

98  ;< 

9>*7 

973 
108.3 

«vQ3 

105.5 

11.03 

11. 0 

113  0 

*  8c--f;o^  F.    Weather  clean  and  bright. 
+  75**-So'^  F.     Weather  rainy  and  s'jhry. 

lows  from  3"  distance  uj)war(l,  the  <listance  increasing  at  the  rate 
of  1 "  per  8,000  volts  effective.  This  second  straight  line,  how- 
ever, does  not  pass  through  the  origin,  but  through  a  point  of  the 
voltage  of  22,(»0()  effective. 

At  very  high  voltages,  about  100,000,  the  two  sets  of  readings 
taken  diverge  from  each  other,  the  one  falling  below,  the  other 
passing  above  the  straight  line,  as  shown  in  Fig.  6. 

The  average,  however,  follows  very  closely  the  straight  line  as 
shown  in  Fig  7,  v/here  the  average  values  of  the  two  sets  of 
readings  are  marked  by  crosses. 
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Tlie  four  sets  of  curves  representing  the  striking  distance  be- 
tween spheres  of  various  diameters  have  a  considerable  similarity 
with  each  other,  the  same  curve  repeating  itself  in  increased 
scale  with  the  increased  diameter  of  the  spheres.  They  differ, 
however,  greatly  from  the  curve  of  sharp  points. 

All  the  four  curves  start  at  the  same  slope  for  very  small  dis- 
tances, of  about  I"  per  10,000  volts.  Then  they  bend  upwards 
and  pass  into  a  second  straight  line,  and  the  middle  of  the  bend 
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Fio.  10.    i"  Spheres.    Smooth  Core  Alternator,  125  Cycles. 


lies  at  about  twice  the  diameter  of  the  spheres.  After  the  bend 
they  follow  a  straight  line  for  a  certain  range,  but  bend  upwards 
once  more  for  high  voltages  and  then  approach  rapidly  the  curve 
of  sharp  points.  The  second  upward  bend  is  marked  with  J" 
and  \"  spheres,  while  with  \"  spheres  the  curve  extends  only  to 
what  is  probably  the  end  and  with  2"  spheres  the  beginning  of 
the  straight  lined  part.     At  very  high   voltages  the  \"  and  \" 
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TABLE  IV. 

r    SPHERES. 

Amalgamated.      125  Cycles. 


1 

Smooth  Core  Alternator  :  A-io-30-xroo. 

1 

Ironclad  Alternator :  A-xo-60  X500. 

1 

Distance,  inches. 
1                   d: 

1 

Kilovolts  :  effective. 

7-x3-;96. 
7-14-  96.* 

Distance,  inches. 
d: 

Kilo  volts;  effective. 
7-x7-'96.t 

i 

.X3S 

.35 

.5 

i                    x.o 

i             '•'•^ 

»-94 

!              a.97 

399 

50 

6.03 

6.61 
1                   7-28 
!                    7  99 

8.99 
1                    9-99 
1                  «o-94 

8.95 

i  =  .9 
36.x 
43.6 
5J.8 

59a 

677 

76.0 

81  3 

86.5 

89.0 

>o.o 

99.0 

104.5 

IC8.7 

l2i.O 

.X25 

•»5 

.485 
X  00 
f.i83 

X  97 

3.0 

40 

499 
6c 
6.99 
8.3 

8.99 
xo  0 

10.97 

67s 
XI  6 

X9.6 

33-3 
37-3 

46.0 

S»  5 

66.7 

69.3 
74-7 
79  5 
860 

92.0 

97-5 
X07.0 

•  8j«»-9o''. 


Weather  clear  and  briifht. 
W  ather  clear. 


12 

11 

10 
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Bpheres  have  practically  approached  each  other,  the  1"  spheres 
are  coming  close  to  the  same  value,  while  the  2'^  6phere^^  ^how  a 
bend,  which  as  seen  in  Fig.  8,  would  bring  the  curve  beyond  the 


TABLE  V. 
2-   SPHERES. 

Amalgamated.      125  Cycles. 


•  So**-9o<'  F*     Weather  clear  and  bright. 
t  75°-8o®  F.    Wtather  rainy  and  sultry. 


Smooth  C!ore  Alternator :  A-io- 30-1500. 

Ironclad  A  Items 

tor:  A-1C-60-15C0. 

Kilovolts '  effective. 

Distance,  inches. 

7-1 3-' 96. 
7-i4-'96.* 

Distance,  inches. 
d: 

Kilovolts:  effective. 
7-20-'96.  ■♦■ 

.»25 

8.95 

.125 

6.67 

•25 

159 

•as 

12  ? 

•493 

so  7 

50 

22.6 

Z.08 

CI.O 

1  03 

50.8 

«.454 

65. t 

1.50 

1.688 

70.8 

1.95 

578 

2  35 

83.8 

3  51 

667 

3.0 

940 

••99 

75-0 

3-438 

102  0 

3  5 

80.3 

2.952 

101.5 

4.0 

82.7 

i:.cv8 

108.0 

449 

92.0 

5.60 

"4  5 

4  07 

94.0 

5.47 

965 

10 
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Fig.  12.     2"  Spheres.    Smooth  Core  Alternator,  125  Cycles 

range  of  test  up  to  the  same  value.  At  high  voltages,  however, 
the  two  sets  of  tests  with  \"  spheres  deviate  from  eacii  other,  the 
one  leaving  the  straight  line  sooner  than  the  other.  '1  hiis  their 
average  has  l>een  plotted  in  Figs.  2,  9  and  Kl 
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While  the  strikiag  distancer;  between  Hpheres  of  different  diam- 
etern  are  very  different  at  intermediary  voltages,  they  seem  to 
coincide  at  very  low  and  very  high  voltages,  bat  differ eesentially 
from  the  curve  taken  between  ^harp  points,  except  at  extremely 
hiffh  voltages. 
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Fio,    18.      Cnmparison   of   Point!-    ntid   Spheres.      Snionth   Core    Altrrtidtor, 
125  Cycles. 

Comparing  the  striking  distance  between  email  apherei:,  and 
those  between  needle  points  as  f^hown  in  Fig.  13,  the  remarkable 
feature  is  observed  that  the  i'  spheren  approach  sharp  pointi^  at 
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comparatively  low  voltages,  and  even  intersect  the  curve  of  sharp 
])oint8,  so  that  within  a  certain  range  of  voltage,  from  28  to  49 
kilovolts,  the  striking  distance  between  \"  spheres  is  greater 
than  between  sharp  points,  bnt  beyond  this  range  these  cnrves 
separate  again  widely,  far  beyond  the  possible  error  of  observa- 
tion, and  at  very  high  voltages  approach  once  more.  The  inter- 
section of  the  curve  of  sharp  points  and  of  \"  spheres  is  very 

TABLE  VI. 
PARALLEL    CYLINDERS. 
.318'  diameter.  Radius  of  Curvature  :  87".         Length  :  24' 

Amalgamated  brass.  125  cycles. 


Smooth  Core  Alternator :  A-io-30- 1 500.           4 

-14-96. 

1 

Distance, 
inches. 

1 

KiloYdu, 
effectire : 

4.78 

Mean 

Gradient. 

"< 

Maximum 
gradient : 

A: 

.065 

73  5 

•934 

78.6 

+    '•S 

+    •« 

.080 

5.7 

71.2 

.921 

77.2 

•»74 

io.8s 

62.2 

•849 

73-4 

—    3-7 

•347 

18.55 

53-4 

.742 

72  0 

T  5-' 

•439 
•47 

»3-7 
aa.Q 

539 
48.8 

!68s 

77.9 
71.2 

+      •« 
—    5  9 

.565 

33.0 

40.7 

•643 

633 

-13^8 

.69 

305 

44  9 

.6co 

73  7 

—    34 

.84 

34  3 

40.9 

.556 

66!8 

-    36 

•93 

33-« 

35.6 

.533 
.478 

—  10.3 

I.18 

4t.5 

35-1 

73-4 

""    3-7 

1-44 

473 

39.8 

•434 

75-5 

—    1.6 

1.7a 

5»^4 

29.9 

.396 

75.7 

—    1.4 

9.12 

53.8 

953 

•357 

71  0 

—    6.1 

a. 62 

63.0 

94  5 

.312 

78.5 

- 

-     I  4 

2  83 

67.8 

24.1 

.298 

80.5 

- 

-    3-4 

3-i6 

71.0 

2»-5 

.276 

81.6 

-    4  5 

3.X8 

69.8 

2X.Q 

•975 

79.6 

-    2.5 

3.69 

72.5 

19.65 

.251 

73.4 

-    «-3 

8.7. 

73-3 

197 

.250 

73.8 

-    X.7 

4.06 

7S.'5 

18.6 

.936 

79.0 

-    1-9 

4.09 

77^4 

18.95 

•934 

8  .4 

-    3-3 

4.34 

77.3 

17.8 

.226 

790 

-    «-9 

4-53 

77-7 

17.15 

.220 

77-8 

-       7 

4.84 

80.0 

16.5 
158 

.211 

78.3 

• 

-     1.2 

5^a8 

835 

•"99 

793 

a 

-     2.9 

5-46 

83.7 

«5  35 

•»95 

73.6 

- 

-    X  5 

5.84 

93.6 

16.0 

.186 

86.0 

^ 

-    8.9 

Average :    76.0 
Second  average :    77.1 


(j(f     =  ratio  !!!5^P  gradient,  calculated, 
o  max. 


interesting  and  quite  marked,  and  cannot  well  be  due  to  erroi-s  of 
observation,  since  either  curve  represents  two  independent  sets  of 
testti  taken  at  different  times  which  coincide,  and  the  same  inter- 
section at  a  somewhat  lower  range  is  strongly  marked  also  in  the 
tests  \^ith  the  ironclad  alternator.  Fig.  17. 

From  all  these  tests  it  should  be  expected  that  a  law  on  the 
disruptive  strength  of  air  could  be  derived. 
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The  disruptive  electrical  discharge  bears  a  striking  analogy  to 
mechanical  ruptnre.  Thus,  as  the  mechanical  strength  of  a  beam 
remains  practically  unimpaired  up  to  a  certain  load,  and  at  tliis 
load  suddenly  falls  to  zero  by  mechanical  rupture,  so  the  resis- 
tance of  an  air  space  is  practically  infinite  up  to  a  certain  poten- 
tial, at  which,  under  disruptive  discharge,  it  suddenly  falls  down 
to  practically  nothing.     In  looking  for  a  physical  law  represent- 
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Fig.    14.      Parallel    Cylinder    .818"    Diameter.      Smooth    Core   Alternator, 

125  Cycles. 

ing  the  electric  disruptive  discharge,  it  thus  was  to  be  investi- 
gated how  far  the  laws  of  mechanical  strength  would  represent 
the  observed  effects. 

Under  mechanical  stress,  rupture  takes  place  as  soon  as  the 
stress  exceeds  the  breaking  strain  anywhere  in  the  material,  and 
this  breaking  strain  is  a  constant  of  the  material.  Thus  I  inves- 
tigated whether  the  disruptive  discharge  of  air  takes  place  as 
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TABLE  VII. 
PARALLEL    CYLINDERS. 

1.11'  diameter.  Radius  of  curvature:  140'  Length:  20. 

Amalgamated  brass.  125  cycles. 


Average :    60.4 

Second  average  :    59.0 

Mean  :    60.0 


memo 


Smooth  Core  Alternator  :  A- 

10-30-1500. 

4-6-96. 

Distance, 
inches. 

Kilovolta, 
effective. 

Mean 
Gradient. 

aa^* 

Maximum 
gradient. 

A: 

d: 

£•• 

*:<>• 

.094 

5.9 

62.7 

.973 

645 

+  4.5 

.109 

7.0a 

54-4 

.969 

66.5 

-r6.5 

.17a 

994 

578 

.951 

608 

--    .8 

-     52 

.188 

116 

61.7 

•947 

6s.2 

.320 

19.2 

60  0 

:C 

65  6 

■+-5J 

•407 

at. 6 

530 

59  4 

—    .6 

.49a 

87.0 

55.0 

874 

63.0 

+  3-0 

.891 

41  0 

460 

■797 

57.8 

—  2. a 

i.3« 

5».o 

39-7 

.729 

54  5 

-5-5 

1.49 

60.5 

40.6 

.7' 4 

57.0 

-■a.4 

1.78 

66.2 

37a 

.667 

55.8 

—  4.2 

1.79 

684 

38.3 

.666 

57.6 

—  2.4 

2.06 

74.0 

360 

.6i7 

5'J-5 

-3.5 

a. 19 

790 

36.0 

.623 

57.7 

-2.3 

a.37 

84.6 

35.7 

.605 

59  t 

—    .9 

2.46 

86.7 

35  3 

.•597 

592 

—    .8 

2.54 

930 

36.5 

.589 

6^.0 

-r  ».o 

2.90 

9«'-5 

34.0 

•559 

fio.8 

-u    .8 

3-«9 

X03.7 
118.4 

3«S 

.536 

60.7 

T   -7 

3-7« 

31.8 

.50a 

63.5 

-*-  3-5 

*(t(tr.  =  ^'i**  "-  -  gradient,  calculated. 


max. 
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soon  as  the  dielectric  stress,  that  is  the  electrostatic  gradient  any- 
where in  the  path  of  the  discharge  exceeds  a  certain  constant 
value,  whicli  would  be  called  the  "  dieleutric  strength  of  air  "  in 
analogy  to  the  "  mechanical  strength  "  of  a  material.  The  me- 
chanical strength  of  a  material  ia  tested  by  subjecting  it  to  a  uni- 
form  mechanical   stress,  the  usual  tost  of  tensile   strength   by 
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i(i.   IG.     Puinis  in  Air.   Fog  and  Steam  at  Atniospliei 
A r mature.  ]2S  Cycles. 


!  Pressure.     Iroziclnd 


pulling  a  teat  piece  of  known  cross-section  to  pieces.  The  anal- 
ogous test  of  the  dielectric  strength  of  air  would  require  a  uni- 
form electrostatic  field,  that  is,  parallel  plates  of  perfect  j>olish  as 
electrodes.  This  is  obviously  not  feasible.  Thu«  I  chose  a 
shape  of  electrodes  giving  a  relatively  simple,  although  not  uni- 
form electrostatic  field. 
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Between  spheres,  the  lines  of  electrostatic  force  and  equipoten- 
tial  surfaces  are  curves  and  surfaces  of  higher  order.  Between 
parallel  cylinders,  however,  lines  of  force  and  equipotential  lines 
are  two  linear  systems  or  pencils  of  circles  or  rather  cylinders, 
that  is,  all  lines  of  electrostatic  force  are  circles  intersecting  each 
other  in  two  points,  the  fundamental  points  of  the  pencil,  and  all 


TABLE  IX. 
Wet  Plank  Parallel  to  Dlscharflre  of  M'  Spheres. 

Grain  parallel  to  discharge.        Mohawk  river  water.        Spheres  amalgamated. 

125  cycles. 


Smooth  Core  Alternator':  A 

-10-30-1500. 

7-22-g6. 

Distance,  inches, 
between  : 

Kilovolts, 

Struck 

Average 
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*  That  is,  voltage  where  the  direct  path  between  the  spheres,  and  the  path  over  the  wet 
plank  have  the  same  dielectric  strength. 

''  ^  ^  =  kilovolts  of  direct  discharge  between  spheres,  minus  9. 
^  w  =  9  minus  disruptive  voltatie  between  spheres  at  twice  the  distance  of  wet  plank. 

Ac=   Aa+  Ab 

equipotential  lines  are  circles  intersecting  the  first  set  at  right 
angles,  and  containing  the  cross  section  of  the  cylinders  as  one 
pair. 

This  being  the  relatively  simplest  case,  it  was  chosen  for  the 
investigation.     Obviously   the  length  of  the  parallel  cylinders 
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could  Dot  be  infinite,  and  therefore,  to  avoid  the  influence  of  the 
ends  of  the  cylinders,  they  were  given  a  slight  backward  curva- 
ture of  a  very  large  radiuii  compared  with  the  diameter  of  the 
cylinders  and  their  distance,  as  shown  in  Fig.  18,  which  repre- 
sents the  relative  proportions  of  the  larger  cylinders  at  the  high- 
est observed  striking  distance.  The  effect  of  this  curvature  was 
inveiitigated  and  correction  made  tlierefor. 
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From  the  distance   between  the  cylinderii  d  and  the  striking 

r 


and  i«  given  in  the  third  column  of  Tables  VI.  and  VII.  in  kilo- 
volts  i^i-  inch.  From  diameter  and  distance  of  cylinders,  the 
ratio  of  mean  to  mauimum  gradient  <t  was  calculated,  and  by 
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dividing  the  observed  mean  gradient  (j  bj  the  factor  <t,  the  max- 
imum gradient  j'o  =  -  would  be  derived  for  parallel  cylinders. 

To  correct  for  the  backward  curvature  of  the  cylinders,  of  radius 
/*o,  the  ratio  of  mean  to  maximum  radient  was  calculated  for  the 
distance  d  but  a  diameter  of  cylinders  of  2ro.  Since  a^  differs 
very  little  from  one,  being  at  the  highest  distance  observed  with 
large  cylinders  a^  =  .994  and  with  email  cylinders  a^  =  0.893* 


Fig.  18. 

by  dividing  with  a^  the  correction  was  far  within  the  errors  of 
observation. 

Thus  the  maximum  gradient  (Jq  was  derived  from  the  ol)served 

mean  gradient  ^  =        as :    y^  =   -^ . 

The  calculation  of  a  and  a^  is  as  follows : 
Let  in  Fig.  19  be  represented  the  cro.ss  section  of   the  two 
parallel  cylinders  of  equal  diameter. 
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Let  X  =  absciseai  with  center  0  between  the  parallel  cylinders 
as  origin. 

y  =  ordinates  of  one  line  or  circle  of  electrostatic  force  of 
radius  B. 

d  =  distance  inside  between  parallel  (cylinders. 

r  =  radiui  of  parallel  cylinders. 

p  =  distance  of  fundamental  points  A  and  A^  of  cylindrical 
pencil  (common  point  of  intersection  of  all  lines  of  force)  from 
origin. 


Vio.  10. 


At  the  surface  of  the  cylinders,  it  is  : 


in  general  it  is : 


l/,=  i^Ji'^-,r^^-VB'-j^'; 


y  =  \I^  —  a?  —  Vlii  —I? ; 


it  is: 


P    =  •^'o  ('^'o  +  ^^O- 


Let  //o  =  electrostatic  stress  at  the  cylinder  surface  in  the  cen- 
tral line,  that  is  at  .i\ ;  then  it  is  : 

y^  =  ^?.  =  electrostatic  stref^s  at  point  ,v  of  central  line, 
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dividiog  the  obBerved  mean  gradient  g  by  the  factor  ti^  the  max- 
imum gradient  j'o  =  -  would  be  derived  for  parallel  cylinders. 

To  correct  for  the  backward  curvature  of  the  cylinders,  of  radius 
;'o,  the  ratio  of  mean  to  maximum  radient  was  calculated  for  the 
distance  d  but  a  diameter  of  cylinders  of  2;'o.  Since  a^  differs 
very  little  from  one,  being  at  the  highest  distance  observed  with 
large  cylinders  a^  =  .994  and  with  small  cylinders  a^  =  0.893y 


Fig.  18. 


by  dividing  with  a^  the  correction  was  far  within  the  errors  of 
observation. 

Thus  the  maximum  gradient  f/o  was  derived  from  the  observed 

mean  gradient  ^  =        as  :    y^  =   -?^ . 

(I     .  *  (T(Tq 

The  calculation  of  rr  and  a^  is  as  follows : 
Let  in  Fig.  19  be  represented   the  cross  section  of   the  two 
parallel  cylinders  of  equal  diameter. 
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Let  X  =  abscissae  with  center  0  between  the  parallel  cylinders 
as  origin. 

y  =  ordinates  of  one  line  or  circle  of  electrostatic  force  of 
radius  R. 

d  =  distance  inside  between  parallel  cylinders. 

r  =  radius  of  parallel  cylinders. 

p  =  distance  of  fundamental  points  A  and  A^  of  cylindrical 
pencil  (common  point  of  intersection  of  all  lines  of  force)  from 
origin. 


Fi(».  19. 


At  the  surface  of  the  cylinders,  it  is  : 


in  general  it  is : 


y,   =    i/A>*^_.^.^^_|/y?a_^;2; 


y  =  V/i^lIar«_  i/^j_y; 


it  is: 


i^^  =  .'o  O^'o  +  2/'). 

Let  (/q  =  electrostatic  stress  at  the  cylinder  surface  in  the  cen- 
tral line,  that  is  at  .r^ ;  then  it  is  : 

^x  =  ^-^~  =  electrostatic  stress  at  point  ./•  of  central  line, 
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if  the  line  of  force  1  is  infinitely  near  the  central  line,  that  is,  if : 

r  =  oo. 

Tbu*  the  ratio  of  average  electrostatic  stress  g  to  maximnm 
stress  ^o  is  '- 

»0 


9o        ^oV 


Substituting,  it  is : 


«0 


lutroilucing  the  transformation : 


VJ{*  —  x»=  R  —  V  .T, 
2uJi 


X  =  — , , 


^  _  2_/?  (1  -  m') 

,-™ — ,    -ff  (1  —  «") 


VJ?  —  a?,*  =  o, 


it  is: 


«T 


^mja  —  ^r" (1  —  v^)  d. 


X,       ^  (1  +  «»)  i(y?  -  6)  -  (/i*  +  h)  u^  • 


Substituting : 

Ji  —  h  =  <*, 

-  — ,->—  -i  ^  arc  tan  \i  +  ^ , —   1  </  -i U—  /   ° 

•'■o(.'/'+^)                            2r/c  ''f,n-cl^ 
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or  substituting : 

a  =  ^\  \/il^  —  VTTP  I  k  arc  tan  ^  \  l-\/^   + 

^  i  \/iZ^  —  \/l-i!!  }  2  arc  tan  ^  i  I-a/iZ?  1  + 


In  the  centra]  line  between  the  parallel  cylinder  it  is : 
Substituting;  this,  it  is : 

Thus: 


0 


^=^---     Ig 

the  ratio  of  average  to   maximum   strain  in  the  central  line, 
where : 

i>'  =  a?o  (-n  +  2  /•). 
Substituting  this,  it  is : 

(T=  ^  Iff  ^   ^     , 
p        i*  —  x 

and  if  the  distance  x^  is  very  small  compared  with  the  radius  r, 
it  is: 

P  P~^o 

or,  since : 
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approximately : 


2r 


If  now 
T  =  diameter  of  cylinders, 

7*0  =  ratio  of  curvature  of  cylinders  (r©  being  very  large  compared 
with  r  and  x^^  it  is : 


p        p  —  x, 


O 


ffo    =    1  —     '^" 


a  <To 


and 

^A         2ro    ^  p  —  xj' 

the  ratio  of  the  maximum  to  the  mean   electrostatic  gradient 
within  the  path  of  the  discharge. 
Thus,  if  g  =z  mean  gradient, 

^o  =  -^  —  is  the  maximum  gradient. 
a  Oq 

With  the  cylinders  used  it  was  : 

r  =  .1665  and  .555  respectively. 

Herefrom  the  numerical  values  of  correction  factor  aa^  and  max- 
imum gradient  g^  are  calculated  and  given  in  Tables  VI  and  VII. 

With  the  large  cylinders,  which  were  investigated  first,  the 
values  of  the  maximum  dielectric  gradient  g^  were  found  over 
the  whole  range  from  the  lowest  to  the  highest  voltage  to  average 
60.  The  diflference  of  individual  values  of  g^  from  the  average 
is  not  greater,  but  rather  less  than  found  under  similar  conditions 
in  tests  of  tensile  strength  in  mechanics.  They  are,  however, 
greater  than  can  be  accounted  for  by  the  errors  of  observation 
thus  showing  the  existence  of  some  secondary  effect  disturbing 
the  results.  The  values  of  g^  show  no  noticeable  tendency  of 
deviation  from  constancy  for  very  high  or  very  low  voltages,  and 
appear  rather  low  in  the  middle,  high  at  either  end  of  the  curve. 

The  tests  with  the  smaller  cylinders  gave  an  equally  good 
agreement  between  the  values  of  the  maximum  gradient  g^. 

However,  comparing  both  sets  of  tests  we  found  that  the 
**  dielectric  strength  of  air  "  averages  60  with  the  1.1"  cylinders 
but  averages  77  with  the  .313"  cylinders.     Thus,  while  the  max- 
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imnm  gradient  is  fairly  constant  witli  the  same  size  of  cylinders 
and  different  distances,  it  differs  considerably  with  different  sizes 
of  cylinders,  or  in  other  words  the  dielectric  strength  of  air  as 
found  in  this  way  is  not  a  constant,  as  the  tensile  strength  of  me- 
chanics, but  varies  with  the  conditions. 

Some  further  results  on  the  question  of  the  constant  dielectric 
strength  of  air  can  be  derived  from  the  tests  with  points  and  with 
spheres  as  terminals. 

Between  mathematical  points  the  dielectric  field  of  force  is 
similar  regardless  of  the  distance.  Thus  with  the  needle  points 
used,  for  all  distances  great  compared  with  the  radius  of  curva- 
ture of  the  needle  points,  that  is  already  the  smallest  distance  in- 
vestigated, the  striking  distance  should  be  proportional  to  the 
voltage  if  it  depends  upon  the  maximum  gradient.  This,  how- 
ever, is  not  the  case. 

Between  mathematical  points  even  with  the  lowest  voltage  the 
gradient  at  the  points  is  infinite.  Thus  with  needle  points  very 
small  voltages  should  strike  over  great  distances.  This  is  not  the 
case  either,  but  the  curve  of  needle  points  does  not  differ  much 
from  that  of  \"  spheres.  This  leads  us  to  one  of  the  phenomena 
obscuring  the  true,  electrostatic  gradient  at  the  moment  of  dis- 
ruption, the  brush  discharge. 

Long  before  the  disruptive  voltage  is  reached  between  needle 
points  and  smaller  spheres  or  cylinders,  a  brush  discharge  issues 
from  the  terminals  into  the  surrounding  air.  The  space  sur- 
rounding the  electrodes  is  filled  with  an  infinite  number  of  violet 
streamers  issuing  from  the  electrodes  under  a  hissing  noise  and 
being  constantly  in  motion,  and  this  space  is  thus  more  or  less 
broken  down  dielectrically,  so  that,  when  the  final  disruptive  dis- 
charge takes  place,  the  terminals  of  the  discharge  are  no  longer 
the  original  metal  terminals,  but  the  whole  space  covered  by  the 
brush  discharge  is  more  or  less  to  be  considered  as  discharge  ter- 
minals. 

An  attempt  was  made  to  investigate  this  phenomenon,  thus : 
Instead  of  the  amalgamated  metal  cylinders  of  diameter  d  and 
distance  d^  two  cylinders  were  substituted  of  the  diameter  d  -j-  a? 
and  distance  d  —  2x  and  for  the  latter  cylinders  the  mean  gra- 

dient  d  = ,  the  ratio  of  mean  to  maximum  gradient  aa^ 

and  this  the  maximum  gradient  g^  calculated  for  various  values 

of  07. 
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Representing  then  the  length  of  the  brush  discharge  by  x^  with 
constant  d,  d^  and  F,  g^  decreases  with  increasing  Xy  reaches  a 
minimnm  and  then  increases  again ;  or  inversely,  at  a  constant 
maximum  gradjent  g^^  with  increasing  length  of  brush  discharge, 
the  voltage  required  to  give  this  gradient  g^  will  increase,  reach 
a  maximum  and  then  decrease  again.  Thus  if  the  terminal  volt- 
age is  gradually  increased,  as  soon  as  the  maximum  gradient  at 
the  terminals  exceeds  the  breaking  strain,  a  brush  discharge  will 
issue  and  thereby  enlarge  the  size  of  the  terminals  by  the  space 
covered  by  the  brush  discharge,  but  at  the  same  time  decrease 
the  maximum  gradient  at  the  surface  of  the  effective  terminals, 
that  is,  the  space  covered  by  the  brush  discharge,  until  the  criti- 
cal point  is  reached  beyond  which  a  further  expansion  of  the 
brush  discharge  increases  the  gradient  at  its  surface  again.  At 
this  point  a  disruptive  discharge  will  take  place. 

No  satisfactory  results  were  found,  however,  by  this  method, 
probably  for  the  reason  that : 

1st.  The  brush  discharge  at  high  voltage  does  not  cover  a  well 
defined  distance,  but  consists  of  an  infinite  number  of  streamers 
issuing  from  the  electrodes  to  a  greater  or  lesser  distance  and  be- 
ing in  rapid  and  violent  agitation. 

2nd.  The  space  covered  by  the  brush  discharge  is  only  partially 
broken  down,  that  is  while  not  having  the  dielectric  strength 
of  air  before  the  break-down,  its  dielectric  strength  has  not  fallen 
to  zero  yet,  as  after  the  discharge.  It  thus  represents  electro- 
statically a  similar  condition  as  mechanically  a  medium  under 
strain  exceeding  the  elastic  limit  of  the  material.  Under  me- 
chanical stress,  rupture  does  not  always  take  place  as  soon  as  the 
strain  anywhere  in  the  cross-section  exceeds  the  breaking  strain. 

Comparing,  for  instance,  a  beam  of  the  cross-section  a  in  Fig. 
20  with  that  in  b  of  the  same  figure,  which  latter  differs  only  by 
the  addition  of  the  two  small  ribs  a  on  top  and  bottom,  it  is  ob- 
vious that  B  has  no  lesser  strength  than  a.  But  at  the  extrem- 
ities of  the  ribs  a  the  breaking  strain  is  exceeded  at  a  load  far 
below  that  which  would  break  down  beam  a.  The  result  is  that 
in  the  two  thin  ribs  a.  cracks  are  formed  or  the  material  strained 
beyond  the  elastic  limit,  and  only  at  much  greater  load  the  break- 
down of  the  beam  occurs. 

The  tests  made  with  spheres  allows  some  further  conclusions. 
The  electrostatic  field  of  force  between  two  spheres  of  diameter 
D  and  distance  d  is  similar  to  the  field  between  spheres  of  diame- 
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ter  n  d  and  distance  n  d.  Thus  the  ratio  Ijetween  mean  and 
maximum  gradient  is  the  same.  Hence,  if  disruptive  discharge 
takes  place  at  the  same  maximum  gradient,  in  the  latter  case  n 
times  the  striking  voltage  would  be  required. 

Since  tests  with  four  different  diameters  of  spheres  were  made, 
this  feature  is  easy  to  investigate.  In  the  following  a  number  of 
sets  of  readings  are  given  abstracted  from  Tables  II  to  Y : 
Values  are  chosen  in  that  range  of  voltage  where  the  four  curves 
differ  most.    The  first  column  gives  the  diameter  of  the  sphere 


a 


y 


oc 


Fio.  20. 


D,  the  second  column  the  striking  distance  d  chosen  proportional 
to  the  sphere  diameter,  the  third  column  the  striking  voltage, 
and  the  fourth  column  the  ratio  a  of  mean  gradients  of  subse- 
quent'lines.  As  seen,  while  constant  dielectric  strength  of  air 
would  require  a  ratio  a  =  1,  the  ratio  differs  herefrom.  This 
difference  could  not  well  be  accounted  for  by  a  brush  discharge 
depending  upon  the  electrostatic  gradient,  and  thus  some  further 
secondary  effects  are  probable. 
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Diameter  of 

Distance  of 

Strikinf?  voltage, 

Ratio  of 

spheres,  inches. 
D: 

sphere*;,  inches. 
d  : 

kilovolti. 

gradients. 

a : 

X 

8 

Q**.? 

4 

9 

59 
34 

1.194 
1.159 

i 

6 
3 

87 

49.3 
29 

».«34 
X.180 

4 

9 
1 

75.4 

40 

93.6 

1.060 
1.165 

9 

6 

S15 

1 

3 

68.5 

1. 194 

^ 

35.4 

91 

i.o?5 

1.186 

2 
S 

4 

9 
I 

103 

59-5 
30 

i.iSS 
1. 010 

Ji 

lJ4 

»7-3 

1.154 

Average 

i.«55 

At  half   the   distance,  the  gradient  is  1.135  times  as  great. 
Thus,  if  ffi  =  gradient  at  distance  f/^ ,  it  is,  at  distance : 


the  gradient : 
thus : 


</  =  1.135"  f/„ 
/rf=/rf, -n/2, 


hence,  eliminating'^n): 

.183/./+  /r7  =  .l83M+/.A, 


or: 


where : 


r,  ,/ ■«    =  ,/,  7,'*'    , 
« 

r  =  a  d»"  , 


a 


=  y,  rf,'»   =    _  J 


T', 


or: 
where : 


I  '  1  23 
'   1 
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This  gives  a  parabolic  law  of  striking  distances  in  uniform 
field. 

According  hereto  the  curve  of  striking  distances  should  ap- 
proach the  zero  point  horizontally,  that  is  for  very  small  voltages 
the  electrostatic  gradient  should  approach  infinity  and  the  strik- 
ing distance  zero.  This,  however,  is  not  the  case,  since  even  for 
very  small  voltages  the  striking  distance  and  the  gradient  are 
finite.  On  the  contrary,  in  the  tests  with  spheres  the  gradient 
for  very  small  distances  approaches  75  to  80,  about  the  same 
value  as  the  dielectric  strength  of  air  as  found  with  small  cylin- 
ders. Hence,  if  a  constant  dielectric  strength  of  air  exists  it 
would  be  somewhere  between  60  and  80  kilovolts  per  inch. 
Some  results  are  in  favor  but  some  in  opposition  to  such  a  hypo- 
thesis. 

The  curve  of  striking  distance  between  sharp  points  has  a  very 
interesting  shape.  Up  to  1  J"  striking  distance  it  is  proportional 
to  the  voltage,  and  represented  by  the  equation, 

d  =  .05  V 

or  r  =  20  d, 

then  it  curves  upwards  and  becomes  a  straight  line  again  from  3'^ 
upward  to  the  limits  of  test,  at  14^''. 

This  straight  line  does  not  pass  through  the  origin  but  through 
a  point  at  the  voltage  22  or  the  distance  — 2|,  and  can  thus  be 
represented  by  the  equation, 

^/  =  .125  F— 8.75, 

or,  F  =  8  //  +  22. 

This  feature  points  to  something  like  a  spurious  '^  counter 
E.  M.  F.  of  the  spark."  That  is,  beyond  3"  distance,  by  assuming 
a  potential  of  22  as  required  for  the  discharge  passing  from  the 
terminals  to  the  air,  the  remaining  voltage  is  proportional  to  the 
distance.  For  low  voltages  the  curve  leaves  the  straight  line  and 
slopes  towards  the  origin,  becoming  straight  again  for  still  lower 
voltages. 

This  shape  of  curve  bears  a  striking  similarity  to  the  volt- 
ampere  curve  of  the  electric  arc  or  to  that  of  electro-chemical 
polarization. 

In  the  electric  arc  under  constant  conditions  the  voltage  is 
approximately  proportional  to  the  current  plus  a  constant  value, 
the  spurious  counter  k.  m.  f.  of  the  arc. 
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In  an  electrolyte  the  current  is  proportional  to  the  voltage  for 
small  voltages  below  the  counter  e.  m.  f.  of  polarization.  Ap- 
proaching the  latter  the  current  rises  beyond  proportionality ,. 
that  is,  the  volt-ampere  curve  bends  upwards,  and  ultimately 
turns  into  a  second  straight  line,  when  the  dissociation  voltage 
Vq  is  passed,  which  latter  straight  line  does  not  pass  through  the 

origin,  however,  but  through  the  point  (7=0,  F  =  F©,  and 
thus  can  be  represented  by 

6^  =  a  F  +  Fo. 

Thus  the  theoretical  volt-ampere  curve  of  the  electrolyte  is  of 
the  same  shape  as  the  distance-volt  curve  between  points. 

Since  with  alternating  e.  m.  f.  the  current  in  the  electrolyte 
below  the  dissociation  potential  is  essentially  in  quadrature  with 
,  the  E.  M.  F.  the  current  over  the  whole  range  can  be  represented 
by  the  theoretical  equation, 


C^Va^  V^J^V'{V—  Fo)' 


where  the  latter  term  appears  only  beyond  F  =  F©.  It  is  of 
interest  to  note  that  the  curve  of  striking  distance  between  sharp 
points  over  the  whole  range  from  the  origin  to  the  limits  of  ob- 
servation can  be  represented  by 


rf  =  1/  .05«  F«  +  .116'  ( F—  Fo)l 

This  equation  represents  the  curve  absolutely  as  shown  in  the 
following  comparison,  where  the  first  column  gives  the  voltages,, 
the  second  the  striking  distance  taken  from  test,  and  the  third 
the  striking  distances  as  calculated  from  this  formula : 


d 

=  Vd?  +  d,' 
d,  =  .05  V 

./, 

— 

.115  ( F      27.5.) 

V: 

10    

d 

calc  : 

5     

d 
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5 

20      
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1.88  

1.88 

80      
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1.58 

60      

4.8     

4.8 

90      

•  «••     O.O         .•««•••»■«.*•••• 

8.5 

120      

12.25 

12.25. 

150      

16.0     

16.0 
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Tlie  magnitude  of  this  spurious  counter  e.  m.  f.  or  transition* 
resistance  of  the  spark  is  the  same  as  that  at  which  the  brush 
discharge  is  formed.  Not  the  electrostatic  glow  of  bluish  color 
which  under  favorable  conditions  can  be  observed  already  below 
1,000  volts,  but  the  real  brush  discharge  consisting  of  violet 
streamers  issuing  from  the  terminals  into  the  surrounding  air. 

The  tests  with  spheres  show  also  more  or  less  marked  the 
appearance  of  straight  lined  parts  in  the  curve,  passing  through  a 
point  differing  from  the  origin. 

The  most  interesting  feature  in  connection  therewith  is,  how- 
ever,  if  an  electric  conductor  as  a  brass  disk  is  inserted  into  the 
path  of  the  discharge. 

A  considerable  number  of  tests  were  made  and  are  recorded  in 
table  8,  bj  inserting  brass  disks  of  different  diameters  and  in 
different  positions  and  different  numbers  into  the  path  of  the 
discharge  between  \  "  spheres.  The  first  column  of  table  8  gives 
the  number  of  disks  used,  the  second  the  diameter,  the  third  and 
fourth  the  position  of  the  disks  between  the  spheres,  the  fifth 
and  sixth  the  total  distance  and  the  net  distance  between  the 
spheres  and  the  seventh  the  striking  voltage.  The  last  three 
columns  give: 

As  d^  the  difference  in  the  observed  voltage  and  the  striking 
voltage  between  \"  spheres  at  the  same  total  distance  without 
disks  between  them. 

As  Jb  the  difference  in  the  observed  voltage  and  the  striking^ 
voltage  between  \ "  spheres  at  a  distance  equal  to  the  net  air 
distance  between  spheres  and  disks. 

As  Jc  the  difference  in  the  observed  voltage  and  the  striking 
voltage  between  \  *'  spheres  at  the  same  distance  as  in  the  test^ 
but  in  a  line  over  the  edge  of  the  disk. 

It  is  of  interest  to  note  that  the  insertion  of  an  electric  con- 
ductor,  as  a  brass  disk,  increases  the  voltage  required  to  strike 
between  the  spheres,  although  the  net  air  distance  is  reduced  by 
the  thickness  of  the  disk. 

Thus  with  one  10  "  disk  midway  between  \  "  spheres  at  about 
9 "  distance,  126  kilovolts  are  required  to  strike  across,  while 
after  withdrawing  the  disk  100  kilovolts  will  strike ;  or  in  other 
words,  at  voltages  between  100  on  126  kilovolts  between  J^' 
spheres  and  9  "  distance  in  air,  a  disruptive  discharge  will  take 
place,  but  will  not  take  place  any  more  if  an  electric  conductor 
as  a  brass  disk  is  inserted  between  the  spheres. 
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The  disks  were  suspended  and  insulated  by  three  silk  threads. 
Between  10 ''  and  15  '^  disks,  no  difference  seems  to  exist,  but  6  " 
disks  increase  the  striking  voltage  less,  and  still  less  2 "'  disks. 
In  either  of  the  two  last  cases,  however,  the  striking  voltage  is 
higher  than  would  be  required  for  a  stroke  from  sphere  to  sphere 
around  the  edge  of  the  disk. 

This  phenomenon  could  be  explained  by  the  fact  that  two 
sparks  of  half  the  length  require  a  higher  voltage  than  one  spark 
of  full  length.  This  explanation,  however,  does  not  explain  the 
observations  on  the  6 '"  and  2'^  disks,  where  the  voltage  was 
higher  than  necessary  for  a  single  stroke  through  air  around 
the  edge  of.  the  disk,  by  6.6  and  7.2  kilovolts  respectively.  If 
the  disk  is  not  midway  between  the  spheres,  but  nearer  to  one 
side,  the  increase  of  voltage  is  less. 

Two  disks  equidistant  from  each  other  and  the  spheres,  in- 
crease the  voltage  by  the  same  amount  as  one  disk  in  the  center, 
and  less  if  they  are  nearer  to  the  spheres,  and  disks  very  close  to 
the  spheres  even  reduce  the  striking  voltage,  under  marked 
capacity  effects.     The  same  applies  to  three  disks. 

That  means,  if  the  disks  are  very  close  to  the  electrodes  they 
are  probably  brought  in  perfect  electric  connection  therewith  by 
the  brush,  and  thus  form  a  new  set  of  electrodes. 

The  increase  of  voltages  due  to  the  insertion  of  an  electric 
conductor  is  from  23.5  to  27  kilovolts,  that  is  about  the  same  as 
the  spurious  counter  e.  m.  f.  of  the  spark,  and  would  thus  well 
agree  with  the  assumption  of  such  a  phenomenon,  since  the  inser- 
tion of  a  conductor  increases  the  number  of  transitions  from 
metal  to  air  by  two,  and  thus  should  require  an  increase  of  the 
striking  voltage  by  the  counter  e.  m.  f.  of  the  spark. 

The  next  table.  No.  9,  gives  tests  of  striking  distances  between 
i  "  spheres  when  an  electric  conductor,  as  a  plank  wetted  with 
river  water,  is  approached  parallel  to  the  discharge  line.  The 
effect  thereof  is  a  change  of  the  striking  voltage  below  that 
required  for  twice  the  distance  between  the  spheres,  but  beyond 
that  required  for  twice  the  distance  between  spheres  and  plank. 
That  is,  when  the  plank  is  approached  so  far  that  the  single  dis- 
charge between  the  spheres  and  the  double  discharge  from 
spheres  to  plank  have  tlie  same  dielectric  strength,  the  striking 
voltage  is  intermediate  between  that  corresponding  to  the  length 
of  the  direct  discharge  and  a  distance  equal  to  the  sum  of  the 
two  discharges  from  spheres  to  plank.     The  difference  in  voltage 
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which  would  be  required  for  direct  discharge  between  spheres 
and  for  a  discharge  equal  to  twice  the  distance  of  the  plank  is 
18.5  and  15.3  kilo  volts  respectively  in  the  first  two  cases,  less  in 
the  last  two,  where  probably  the  resistance  of  the  plank  as  an 
imperfect  conductor  was  noticeable.  Making  allowance  for  the 
latter,  we  iiud  again  a  voltage  of  the  magnitude  of  the  spurious 
counter  e.  m.  f.  of  the  spark,  as  discussed  under  sharp  point. 

Tests  with  the  ironclad  alternator  between  sharp  points  in  air^ 
in  fog  and  in  steam,  point  also  to  such  a  counter  s.  m.  f.  of  the 
spark,  or  lesser  magnitude  with  the  ironclad  alternator,  due  to 
the  greater  ratio  of  maximum  to  effective  e.  m.  f. 

These  sets  of  tests  with  brass  disks  and  wet  plank  were  sug- 
gested by  some  observations  made  three  years  ago  with  an  iron- 
clad alternator  and  recorded  on  table  I. 

To  investigate  whether  the  dielectric  strength  of  air  was 
reduced  in  fog,  as  occasionally  suggested  at  that  time,  a  steam 
pipe  was  arranged  below  the  discharge  circuit  and  steam  made  to 
escape  very  slowly,  so  as  to  fill  the  whole  space  between  the 
needle  points  with  dense  fog.  Against  expectation  it  was  found 
that  a  much  higher  voltage  was  required  to  strike  across 
the  same  distance  in  fog  as  in  dry  air.  This  is  seen  in  Fig.  16. 
Hence  fog  increases  the  dielectric  strength  of  air  and  reduces  the 
striking  distance  very  markedly.  This  may  be  explained  by  the 
assumption  that  the  discharge  is  by  the  fog  broken  up  in  an 
infinite  number  of  minute  successive  discharges,  between  the 
conducting  fog  particles,  requiring  a  higher  total  voltage  than  the 
direct  discharge  over  the  same  total  distance. 

By  turning  full  steam  on,  issuing  from  a  boiler  at  80  pounds 
pressure  into  the  space  between  the  needle  points,  the  striking 
distance  was  still  reduced  further  below  that  in  fog,  that  is,  live 
steam  at  atmospheric  pressure  has  a  much  greater  dielectric 
strength  than  dry  air. 

From  these  tests,  the  following  results  are  derived : 

1st.  At  constant  voltage  and  constant  wave  shape,  that  is 
constant  ratio  between  maximum  and  effective  e.  m.  f.,  the 
striking  distance  is  a  constant,  especially  between  sharp  points, 
where  the  tests  have  been  repeated  over  and  over  again,  and 
independent  of  the  atmospheric  condition,  tlie  frequency,  etc.,  to 
such  an  extent  that  the  striking  distance  between  needle  points 
offei*s  the  most  reliable  means  to  determine  very  high  voltages. 
Fortius  reason,  it  is  used  in  this  manner  as  final  check  in  all  high 
potential  insulation  tests  of  the  General  Electric  Company. 
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2nd.  !No  physical  law  has  been  found  to  represent  satisfac- 
torily all  the  observations.  Some  point'  to  the  existence  of  a 
constant  dielectric  strength  of  air,  analogous  to  the  tensile 
strength  of  mechanics.  Others  point  to  the  existence  of  a 
spurious  counter  e.  m.  f.  of  the  spark  or  transition  resistanoe 
from  electrode  to  air. 

3rd.  Constant  dielectric  strength.  Cylinders  of  1»11  '^  dia- 
meter give  an  average  disruptive  strength  of  air  of  60  kilovolta 
per  inch.  Cylinders  of  .315 ''  diameter,  an  average  dielectric 
strength  of  77.  Spheres  at  very  small  distance  point  toward  the 
latter  value.  As  a  disturbing  factor  in  this  case,  enters  the  elec- 
trostatic brush  discharge,  which  by  a  partial  breakdown  of  the 
air  surrounding  the  electrodes  changes  and  increases  the  size  and 
decreases  the  distance  of  the  effective  terminals. 

4th.  Counter  b.  m.  f.  of  the  sparks.  The  tests  with  sharp 
points  give  22  kilovolts,  or  11  kilovolts  for  a  single  transition 
from  terminal  to  air.  Spheres  give  curves  pointing  to  a  similar 
phenomenon.  Electric  conductors  inserted  at  right  angles  into 
or  parallel  with  the  discharge,  point  to  the  existence  of  a  counter 
E.  M.  F.  of  the  same  magnitude.  The  beginning  of  the  electro- 
static brush  discharge  is  at  a  potential  of  this  magnitude  also. 

5th.  Potentials  of  160,000  volts  effective  and  even  up  to 
170,000  volts  have  been  experimented  with.  They  are  probably 
the  highest  voltages  ever  reached  by  man  at  ordinary  frequencies 
with  alternating  currents  of  considerable  power. 
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[Communicated  after  Adjournment  by  Mft.  A.  Vosmaer.] 


We  practical  men  must  congratulate  Mr.  Steinmetz  for  such 
an  excellent  and  valuable  paper  as  he  has  given.  Experimenting 
myself  in  the  line  of  high  tensions  it  has  often  puzzled  me  how 
to  fix  minimum  distances  for  different  parts  of  instruments  and 
transformers,  and  information  was  not  to  be  had. 

We  can  find  some  tables  of  spark  lengths  and  potential 
differences,  but  scientific  men  like  Bailie,  ^raschan,  Liebig,  and 
others  do  not  seem  to  have  the  slightest  interest  for  alternating 
current,  and  do  not  generally  extend  their  series  wide  enough. 

It  matters  very  little  indeed  to  us  what  tension  coiTesponds  to 
a  spark  of  a  fifteen  thousandth 'of  a  millimetre  or  what  it  is  in 
hydrogen  or  at  low  pressures,  but  it  is  of  the  greatest  practical 
value  to  know  the  spark  lengths  in  air  and  for  alternating 
current. 

I  would  like  to  ask  two  questions,  how  many  were  the  frequencies 
of  his  high  frequency  ironclad  alternator  and  does  Mr.  Steinmetz 
consider  a  variation  in  the  frequency  from  40  to  125  large 
enough  to  permit  any  conclusion  as  to  the. apparent  independence 
of  stnking  distance  and  frequency,  it  being  well  known  that  at 
very  high  frequencies  the  tendency  for  sparking  is  greatly 
diminished. 

Has  Mr.  Steinmetz  also  experimented  with  a  specially  con- 
structed high-tension  transformer,  and  in  consequence  of  experi- 
ence preferred  four  transformers  in  series  with  the  complication 
of  insulation  by  transformers  ? 

We  have  a  one  kilowatt  40,000-volt  transformer  in  constant 
use,  it  never  has  given  any  trouble,  but  it  was  specially  designed 
for  the  purpose,  oil  insulation  being  used  though  the  secondary 
coils  were  made  with  the  utmost  care. 

We  have  had  opportunity  to  see  a  100,000-volt,  15-kilowatt 
transformer  designed  and  constructed  by  Schneller,  which  does 
not  even  have  oil  insulation  and  has  nothing  else  but  air 
insulation  ;  that  is  all  high-tension  parts  are  spaced  wide  enough 
to  prevent  sparking. 

For  ourselves  we  preferred  oil,  because  the  dimensions  of  the 
air-insulated  transformer  are  rather  out  of  proportion ;  which 
means  a  great  deal  of  copper  in  the  secondary,  and  oil  is  cheaper 
than  copper. 

Nevertheless  the  transformer,  in  constant  use,  has  always  given 
full  satisfaction.  Schneller  who  has  made  a  number  of  lower 
transformers  used  to  couple  these  in  series,  i.  ^.,  two  of  30,000 
volts  each ;  preferred  to  construct  one  for  100,000  and  used  a 
factor  of  transformation  of  1000  which  is  a  pretty  good  figure. 

The  secondary  tension  could  be  easily  measured  because  the 
secondary  windings  consisting  of  ten  coils  in  series  and  one 
thus  can  measure  one  coil  for  itself  with  a  static  voltmeter. 
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Ae  a  matter  of  fact  we  liave  done  the  same  for  our  trans- 
former, there  being  eight  coils  connected  alternalely  at  the  center 
part  and  at  the  i>eriphcrv,  just  as  is  done  for  large  induction 
coils,  each  coil,  after  having  been  placed  a  good  many  hours  in 
hot  ceresin  standing  10,000  volts  without  puncturing. 

I  should  prefer  this  to  the  arrangement  given  by  Mr.  Steinmetz 
as  being  far  simpler. 

The  good  behavior  of  Schneller's  100,00()-volt«  transformer 
would  suggest  a  similar  behavior  for  one  of  20o,000  volts. 

As  said,  Mr.  Steinmetz's  contribution  to  our  knowledge  al>out 
very  high  tension  alternating  currents  is  a  most  valuable  one,  and 
we  express  our  hopes  that  he  will  investigate  the  dielectric 
strength  of  solid  anil  fluid  dielectrics  in  the  same  thorough  way 
as  he  has  done  for  air.  The  future  will  bring  us  very  high 
tensions  in  common  use,  and  the  value  of  elal)orate  tests  is 
beyond  doubt  as  regards  general  interests. 

Haiirlem.  Holland,  July  24,  1898. 


[CoMMl* MOATED  APTKK  ADJOURNMENT  BY   HaKoLD  B.  SmITH.] 


The  valuable  pai)er  of  Mr.  Steinmetz  has  to  do  with  work  on 
a  subject  which  has  been  under  investigation  during  the  past 
year  by  Messrs.  E.  B.  Paine  and  H.  E.  Gough,  graduate  students 
under  my  directitjn  at  the  Worcester  Polytechnic  Institute. 

Their  thesis  on  "High  Potential  Discharges  in  Dielectrics'' 
involved  the  construction  of  a  150,0i)0-volt  tranpformerof  20-k.w. 
capacity,  which  is  interesting  in  that  with  a  ^//i^A' transformer 
a  ratio  of  1  :  1500  was  secured,  and  the  transformer  has  been 
operated  t*»  potentials  above  17<>,000  volts  without  failure. 

The  transformer  was  oi)erated  from  the  secondarv  circuit  of 
a  bank  of  snmller  transf(>rmers,  the  potential  of  which  was  varied 
as  desired  fiom  a  small  value  to  as  high  as  115  volts.  The 
primaries  of  the  smaller  transformera  were  supplied  with  current 
fn>m  a  *M^  k.  w.    \\\>tinghouse    smooth   core  alternator,   giving 

i^ractically  a  sine  wave  of  k.  m.  f.  at  a  frequency  of  V^*f\  cycles. 
i^lie  accompanying  cut  shows  the  construction  of  this  transformer 
which  was  immersed  in  a  tank  of  kerosene  oil,  |)reliminar]r 
experiments  proving  the  value  of  this  oil  under  the  given 
conditions. 

The  investigation  of  various  dielectrics  included  a  series  of 
tests  on  the  dielectric  strength  of  air,  and,  while  not  as  complete 
for  this  dielectric  as  tiiose  of  Mr.  Steinmetz,  are  of  value  in  this 
connection  as  they  entirely  corroborate  his  results  by  an  entirely 
indei>endent  investigation  under  nearly  the  same  conditions  as  to 
methods  of  experimentation  and  ap{)ai'atus  u^ed.  There  is  no 
occasion  to  repeat  the  tabulation  of  our  tests  with   sharp  points 
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Showing  Hatoriat  EJeclod  from  Point  of  Rupture. 
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and  spheres  of  small  radius,  as  they  would  add  nothing  to  results 
given  by  Mr.  Steinmetz  further  than  to  add  data  agreeing  almost 
exactly  with  that  obtained  by  him. 

Our  results  show  a  corresponding  constancy  and  reliability  of 
length  of  spark  gap  as  a  measure  of  high  potentials. 

A  photograph  is  shown  of  a  discharge  between  l^"  spherical 
terminals  18  inches  apart  which  exhibits  the^me  characteristics 
as  those  obtained  by  Mr.  Steinmetz  at  shorter  lengths.*  This 
discharge  took  place  at  a  virtual  voltage  of  1^7,000  volts, 
corresponding  to  a  maximum  potential  of  28(),000  volts,  and 
required  at  the  transformer  about  fifty  horse-power  during  its 
existence. 

A  discharge  along  a  moistened  string  81  inches  long  and  the 

breaking  down  of  a  high  potential  porcelain  insulator   at  90,000 

volts  are  also  shown. 

Harold  B.  Smitu. 
Worcester  Polytechnic  Institute.  July  6th,  1898. 


I.    **  Photograph  ie    Investigation    of    a    150,000  Volt    Power     Discharge" 
Klertrical   World.   March  5,  1«98. 
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TWO  WIRE  DISTKIBUTING  SYSTEMS  AND  LAMPS, 

200—240  VOLTS. 


BY    JOriV    W.    HOWELL. 


Distributing  systems,  operatiBg  at  200 — 240  volts  with  simple 
two-wire  circuits,  first  attracted  attention  about  four  or  five  years 
ago.  These  early  plants  used  two  110 — 120-volt  lamps  in  series 
and  were  installed  as  a  means  of  competing  in  cost  of  installa- 
tion with  three- wire  plants  without  resorting  to  the  alternating 
current  system,  with  its  disadvantages  where  motors  are  oper- 
ated. 

The  growth  of  these  plants  was  slow  until  the  demand  created 
by  them  lo(l  to  the  production  of  the  200 — 240-volt  lamp  and 
practical  experience  had  shown  the  weaknesses  of  these  lamps 
and  led  the  makers  to  overcome  the  difliculties  met  in  their 
manufacture. 

What  these  weaknesses  were,  can  be  judged  by  the  following 
extracts  from  previously  published  articles : 

"Tlie  consensus  of  opinion  at  the  present  day  of  the  average 
types  of  high-voltage  lam]>s  undoubtedly  points  to  the  fact  that 
a  large  percentage  are  expected  to  short-circuit  as  soon  as  they 
are  put  up,  and  I  have  heard  several  engineers  say  that  they 
expect  about  one  in  twelve  to  go  in  this  way." 

'*  There  is  no  doubt  whatever  that  almost  all  the  present  day 
20<>-volt  lamps  are  only  suitable  for  burning  in  a  vertical  posi- 
tion. As  soon  as  any  other  position  is  adopted  defects  become 
prominent.  The  long  thin  filament  soon  dro])S  onto  the  bulb 
and  cracks  it.  Also  electrostatic  attractions,  owing  to  higher 
voltage,  cannot  be  resisted  by  the  hmg  thin  filament,  and  this 
is  an  additional  cause  of  the  filament  approaching  the  bulb. 

831 


332  HOWELL  ON  200—240   VOLT  LAMP  SYSTEM.       [June  27. 

The  effect  of  electrostatic  attractions  on  long  thin  iilaments 
is  even  noticeable  with  lamps  burning  in  a  vertical  position." 

Tliese  are  extracts  from  a  jmper  read  bv  Mr.  G.  Bingswanger 
Byng  before  the  Britisli  fnstlfvtiov  of  Ehctncal  Engineers  on 
February  24th,  1808. 

These  defects  liave  been  entirely  remedied,  and  the  experi- 
ence of  manv  plants  operating  2^0 — 24()-7olt  lamps  during  the 
past  year  proves  these  lamps  to  be  just  as  reliable  in  service 
as  are  110-volt  lamps.  The  development  of  the  lamp  has  taken 
considerable  time,  and  the  growth  of  the  200— 240-volt  2- wire 
system  in  spite  of  the  shortcoming  of  the  early  lamp  is  due 
to  compensating  advantages  in  other  elements  of  the  system. 

These  advantages  over  the  three  wire  system  are — (1)  cheapness 
of  installation  and  (2) — simplicity  of  operation. 

1. — Cheapness  of  installation  of  the  200 — 24<>-volt  2'Wire 
system,  when  compared  with  the  lln — 120-volt  8-wire  system, 
arises  from  the  use  of  a  single  large  dynamo  where  the  three- 
wire  system  re(|uires  two,  each  having  half  the  capacity ;  with 
the  accompanying  duplication  of  regulating  apparatus,  indicators 
ammeters,  etc.  There  is  also  a  saving  of  the  entire  cost  of  the 
neutral  conductor  of  the  8-wire  system,  which  (conductor  in  street 
mains  (as  distinguished  from  feeders)  an<l  in  house  wiring,  should 
be  as  large  as  the  outside  w^res. 

Three-wire  plants  in  cities,  whose  business  warrants  the  em- 
ployment of  the  skill  necessary  to  operate  the  system  to  best 
advantage,  successfully  use  110 — 12<>-volt  »>.[  watts  per  candle 
lamps  and  get  very  excellent  results  from  them.  The  200 — 240- 
volt  2-wire  system   cannot  be    considered  a  competitor  of  the 

3- wire  svstem  under  these  (ronditions  since  the  best  200 — 240- 

ft 

volt  lamp  on  the  market  to-day  is  a  four  watt^  per  candle  lamp.  But 
it  is  my  opinion  that  in  smaller  installations,  whose  conditions 
call  for  a  3.5  watts  per  candle  lamp  when  a  1 10— 120-volt  3-wire 
system  is  used,  the  advantages  of  the  2-wire  200 — 240  volt  system 
are  sufficient  to  offset  the  disadvantages  of  a  4  as  compared  with 
a  3.4  watts  per  candle  lamp.  Under  normal  conditions  the  perform- 
ance of  the  present  four  watts  per  candle  200 — 240-volt  lamp  as 
regards  life  and  maintenance  of  candle  power  is  about  25  percent, 
poorer  than  the  present  3.5  watts  per  candle — 1 10 — 120-volt  lamp, 
but  it  is  my  opinion  that  the  greater  irregularities  in  pressure 
ordinarily  found  in  the  3-wire  plants  we  are  now  considering,  as 
compared  with  the  2-wire  plants  operated  under  similar  condi- 
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tioiis,  fully  counteract,  by  their  injurious  effects  upon  the  lamps, 
the  advantage  in  life  and  candle  power  which  the  110 — 120- volt 
3.5  watts  per  candle  lamp  has  under  normal  conditions  over  the 
200 — 240-volt  four  watts  per  candle  lamp. 

In  considering  the  relative  advantages  of  the  two  systems,  in 
the  case  of  moderate  sized  plants  above  referred  to,  we  must 
charge  against  the  saving  effected  in  a  2-wire  plant  by  its  single 
equipment  and  omission  of  the  neutral  conductor,  the  increased 
capacity  of  machinery  and  conductors  made  necessary  by  a  four 
watts  ])er  candle  as  compared  with  a  3.5  watts  per  candle  lamp. 

Considering  the  copper  required  l)y  a  220-volt  2-wire  system 
using  four  w.  v.  c.  lamps  as  our  unit,  the  copper  required  by  the  two 
outside  conductors  of  a  lio-volt  3-wire  system  using  3.5  w  .p.  c. 
lamps  will  be  .875.  The  amount  to  be  added  to  this  for  the 
neutral  conductor  will  vary  somewhat  with  location  of  the  station 
with  reference  to  the  points  of  consumption.  If  we  assume  that 
one  half  the  copper  is  installed  for  feeders  and  one  half  for  the  dis- 
tributing mains,  and  that  the  neutral  wire  is  one  third  the  size  of  the 
outside  wire  in  feeders  and  the  same  size  in  mains,  then  the  total 
copper  in  the  neutral  conductors  of  feeders  and  mains  will  be  29 
per  cent,  of  tlie  amount  used  in  the  2-wire  220-volt  system,  and 
the  total  copper  used  in  the  llO-volt  3-wire  system  will  be  Hi  per 
cent,  greater  than  the  cop|)er  used  in  the  220-volt  2-wire  system. 
This  comparison  of  the  costs  of  copper  does  not  consider  the  cost 
of  wiring  customers'  premises,  which  is  usually  borne  by  the  cus- 
tomer; it  is,  however,  an  atlvantage  to  the  220-volt  system  that 
this  wiring  will  require  at  least  20  per  cent,  more  copper  for  the 
3-wire  llO-volt  system  than  for  the  220-volt  2-wire  system. 

The  4  w.  p.  c,  as  compared  with  the  3.5  w.  p.  c  lamp,  would 
require  for  the  200 — 240-volt  2-wire  system,  one  seventh  greater 
capacity  of  boilers,  engin*  s  and  dynamos  than  would  be  required 
for  the  3-wire  110— 120- volt  system. 

Xhe  duplication  of  apparatus  required  for  the  3-wire  system 
will  only  partly  offset  this  increased  cost  in  the  2-wire  200 — 240- 
volt  system,  but  the  cost  of  this  duplication  of  apparatus,  to- 
gether with  the  increased  cost  of  copper  required,  will  in  many 
cases  make  the  cost  of  installation  of  the  3-wire  system  at  least 
equal  to  that  of  the  2oo — 240-volt  2-wire  system,  leaving  the 
siniplicity  of  operation  of  the  2-wire  system  to  be  balanced  against 
the  increased  cost  of  fuel  required  to  operate  4  w.  p.  c,  as  com- 
pared with  3.5  w.  p.  c.  Iampt5. 
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During  the  time  the  plant  is  operated  considerably  below  its 
rated  capacity,  which  will  probably  cover  even  the  maximum  load 
during  the  first  year  of  the  plant's  existence,  and  all  but  three  or  four 
hours  per  day  at  all  times,  I  think  the  increased  fuel  consumption 
due  to  4  w.  p.  c.  lamps  will  not  be  appreciable  because  of  the  poor 
efficiency  of  boilers  and  engines  with  light  loads,  and  the  total 
increased  consumption  of  coal  during  the  year  will,  I  believe,  be 
a  small  consideration  under  most  circumstances,  and  in  my 
opinion  not  enough  to  balance  the  simplicity  of  operation  above 
noted. 

A.  few  months  ago  I  made  a  trip  through  some  of  our  central 
states,  visiting  a  number  of  200 — 240-volt  plants  to  get  a  knowl- 
ledge  of  the  practical  workings  of  the  systems  from  the  persons 
actually  operating  them,  hoping  to  get  from  their  experience, 
information  concerning  existing  conditions  which  would  be  of 
value  in  the  lamp  factory. 

Naturally,  my  first  questions  to  the  man  who  operated  the 
plant  concerned  the  lamps ;  were  they  generally  satisfactory  % 
were  they  long  lived  ?  did  they  ever  explode  ?  I  was  greatly 
pleased  with  the  answers  I  received.  The  lamps  were  reported 
to  be  almost  universally  satisfactory.  They  were  very  long  lived, 
in  fact  too  long  lived,  for  better  service  would  be  rendered  if  the 
lamps  were  renewed  when  they  began  to  get  dull,  and  not  allowed 
to  remain  in  service  after  they  ceased  to  give  a  first  class  light. 

These  4  w.  p.  c.  200 — 240- volt  lamps  may  be  used  for  000  hours 
and  still  give  a  good  light,  but  I  think  this  is  about  the  limit  of 
their  useful  life.  If  not  taken  in  they  will  keep  on  burning  for 
a  long  time  and  will  give  an  average  life  of  over  double  that 
figure  before  breaking. 

The  reports  concerning  exploding  were  equally  satisfactory. 
For  the  past  year  or  more,  exploding  lamps  had  been  practically 
unknown ;  previous  to  that  time,  however,  this  had  been  one  of 
the  most  serious  objections  to  the  system. 

All  these  plants  have  been  installed  with  switches,  cut-outs, 
and  other  appliances  made  for  110 — 120-volt  instiillations,  and  it 
is  remarkable  how  little  trouble  has  been  caused  by  them. 

Sockets. — Ordinary  key  sockets  have  been  freely  used  and 
experience  has  shown  the  Edison  screw  socket  and  lamp  base  to 
be  preferable  to  other  types.  Some  engineers  recommend  keyless 
sockets  and  good  snap  switches,  to  avoid  possible  failure  of  the 
key  socket  to  break  the  circuit. 
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In  order  to  get  the  desired  factor  of  safety,  the  Geueral  Electric 
Company  has  recently  developed  a  special  key  socket  for  this 
work,  having  a  break-gap  twice  as  great  as  the  sockets  designed 
for  110 — 120-volt  systems,  and  having  a  fibre  insulating  lining 
between  the  outside  shell  of  the  socket  and  the  screw  shell  which 
is  connected  with  the  circuit.  This  fibre  lining  projects  sufS- 
ciently  beyond  the  screw  shell  to  prevent  contact  with  the  circuit 
when  the  lamp  is  in  the  socket.  The  lamps  are  provided  with 
short  bases  designed  to  be  completely  covered  by  this  fibre  lining, 
so  it  is  impossible  to  get  a  shock  by  touching  the  lamp  when  it  is 
burning. 

Flexible  Cord, — Flexible  cord  has  been  freely  used,  and  is  all 
right  if  the  best  quality  is  used.  For  this  purpose  the  conductors 
should  be  covered  with  rubber  ^^''  thick  and  the  outside  covering 
should  be  silk,  or  if  cotton  it  should  be  slicked  with  a  compound 
which  makes  it  non-infiammable. 

7?e?«<?^^.— Rosettes  designed  for  110 — 120-volt  circuits  having 
fuses,  have  given  a  good  deal  of  trouble,  so  it  has  become  good 
practice  to  leave  out  the  fuse  wire  and  put  copper  wire  in  its 
place  thus  having  no  fuse  between  the  lamp  and  the  fuse  block 
close  to  the  switch  controlling  the  circuit. 

The  General  Electric  Company  has  produced  a  new  porcelain 
rosette  with  fuse  wires  over  one  inch  long,  which  have  been 
severely  tested  with  very  satisfactory  results.  Theii*  use  with 
fuses  will  give  protection  to  individual  lamps,  which  is  very 
desirable,  as  it  increases  the  safety  of  the  wiring. 

CutrontH, — Fusible  cut-outs  designed  for  110 — 120- volts,  have 

failed  in  many   instances,   and   have  often   proved  much  more 

fusible  than  their  makers  expected  them  to  be. 

A  complete  line  of  fuse  blocks  carrying  special  200  — 240-volt 
fuses  has  been  developed  recently  by  the  General  Electric  Com- 
pany. These  are  fitted  with  the  cartridge  type  of  fuse,  the  fuse 
being  contained  in  a  tube  which  is  provided  with  brass  terminals 
which  fit  in  spring  clips  on  the  fuse  block.  The  fuse  wire  is  in- 
side the  tube  and  is  soldered  to  the  brass  terminals.  The  tube  is 
then  filled  with  a  plaster  compound  which  smothers  the  arc 
formed  when  the  fuse  blows.  These  fuses  have  been  severely 
tested  with  500  volts,  and  currents  many  times  their  rated  capaci- 
ties, and  have  always  opened  the  circuits  without  a  fiash. 

Switches. — Standard  knife  switches  or  quick-acting  snap- 
switches  having  large  break  distances,  should  be  used.  Sucli 
switches  specially  designed  for  200 — 240-volt  installations  are 
now  being  developed. 
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Wiring, — Standard  methods  of  wiring  for  110 — 120- volts  are 
approved  for  220 — 240- volts.  Good  rubber  covered  wire  run  on 
porcelain  knobs  or  cleats  is  specilied  by  the  fire  underwriters. 

Arc  Lamps.— Good  arc  lamps  burning  two  in  series  on  220- 
volt  circuits  arc  on  the  market.  Each  lamp  is  provided  with  an 
automatic  cutout  which  throws  an  equivalent  resistance  into  the 
circuit  when  one  lamp  is  extinguished,  thus  permitting  the  use 
of  one  lamp  if  desired. 

Future. — The  future  of  the  200 — 240- volt  system  depends 
largely  upon  the  development  of  a  more  economical  lamp.  All 
other  elements  of  the  system  can  be  made  entirely  satisfactory 
with  the  means  and  knowledge  now  at  our  command,  but  the 
production  of  a  more  economical  lamp  calls  for  an  advance  in 
the  art  of  lamp  manufacture.  That  this  advance  will  be  made 
and  a  more  economical  lamp  will  be  produced,  I  have  no  doubt, 
and  hope  to  see  such  a  lamp  placed  upon  the  market  at  an  early 
date. 


DiSCUSfilON. 

Prof.  Geo.  I).  Shkpardson  said  that  high-voltage  systems 
should  be  planned  with  an  ample  reserve  of  generating  machin- 
ery for  the  following  reasons  :  First,  that  high-voltage  lamps  are 
of  low  economy,  generally  4  watts  per  candle-power  initial,  and, 
on  account  of  the  difficulty  of  getting  a  sufficiently  high  resis- 
tance, are  generally  of  large  candle-power,  starting  at  18  or  2o 
and  running  up  to  perhaps  22  c.  p.,  making  a  double  increment 
of  the  load.  The  dynamos  must,  therefore,  not  only  be  25  per 
cent,  larger  because  of  the  inefficiency  of  the  lamp,  but  about  20 

f)er  cent,  more  on  account  of  the  increased  candle-power  of  the 
amps.  He  thought  that  the  di(?parity  between  the  110  and  220- 
volt  lamps  was  likely  to  remain,  since  any  improvement  in  the 
one  would  etiect  a  similar  improvement  in  the  other.  One  rea- 
son for  the  comparative  perfection  of  the  22U-volt  was  the  very 
difficulty  in  manufacturing,  since  only  the  best  manufacturers 
could  solve  the  problem  at  all,  while  anyone  could  make  a  110- 
volt  lamp.  The  illumination  of  220- volt  lamps  ici,  as  a  rule, 
steadier  than  that  from  llO-volt  lamps,  since,  with  the  same 
voltage  regulation,  the  candle-power  varies  much  less  in  lamps 
of  the  lower  economy. 

Mr.  II.  H.  lli'MPHRKY  stated  that  the  rate  of  improvement  of 
the  220-volt  lamp  was  much  faster  than  that  of  the  lower  volt- 
ages, and  that  the  difference  between  the  two  would,  in  his  esti- 
mation, soon  vanish.  While  one  year  ago  it  was  ditfieult  to  get 
any  guaranty  or  even  promises  from  the  lamp  manufacturers, 
his  company  has  lately  ordered  10,000  lamps  with  guaranties 
nearly  as  good  as  can  be  obtained  for  »15  watt  llO-volt  lamps. 
The  guaranteed  life  was  just  as  high,  but  the  drop  in  candle- 
power  was  allowed  to  be  a  little  greater. 


A  t*a.^r  ^rtsented  at  the  tstk  General  Meeting 
of  the  American  Institute  e/  Electrical  En- 
gineer s^  Omaha ^  June  27th,  /SfyS,  Pmit/rnt 
Kennelly  in  the  <  'hair. 


A   CAPILLARY  ELECTROMETER   FOR   ELECTRICAL 

MEASUREMENTS. 


BY    CHAKLKS    FRKDKRICK    HUKGK8S. 


Many  of  the  ineasiirenients  made  in  practical  engineering 
work  require  the  use  of  a  sensitive  electrical  instrument,  and 
owing  to  the  demand  for  such  an  instrument  the  'galvanometer 
has  reached  a  high  degree  of  perfection  in  bome  of  the  latest 
and  improved  forms.  There  is  still  much  to  be  desired,  how- 
ever, in  the  wav  of  portability,  ra])iditv  of  reading,  simplicity, 
cost,  and  freedom  from  the  effects  of  mechanical  vibration  and 
varying  magnetic  fiehl.  There  can  sc^ircely  be  a  call  for  an 
instrument  of  gn»,ater  sensitiveness  and  accuracy  than  that 
which  the  galvanometer  gives  Uh  when  }u-operly  constructed  and 
used,  and  in  fact  this  sensitiveness  might  well  be  reduced  in 
many  cases  if  by  so  doing  some  of  the  disadvantages  in  its  use 
might  be  overcome. 

It  is  ujy  purpose  to  call  attention  to  the  applicability  of  the 
capillary  electrometer  for  pnictical  electrical  measurements,  as  a 
means  of  overcoming  some  of  these  defects.  Although  the  j)rin- 
ciple  upon  which  this  instrument  works  was  discovered  about 
twentv  vears  ai^jo,  its  use  has  hardlv  extended  bevond  a  very 
limite<l  application  in  scientific  research,  and  from  some  of  the 
excellent  j)roperties  which  it  hohls  as  a  measuring  instrument, 
this  seems  to  be  a  surprising  fact. 

This  principle  is  the  change  of  surface  tension  of  two  licjuids 
which  are  in  contact  (preferably  mercury  and  dilute  sulphuric  acid) 
in  a  capillary  tube,  and  the  meniscus  which  is  formed  as  the 
separating  surface  moves,  upon  the  application  of  a  potential 
difference  to  the*  two  li«juids  in  (juestion.     It  is  the  movenient  of 
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tliU  iiieiiiacos  which  correBponde  to  the  movement  of  tlie  galva- 
noineter  needle,  in  using  it  as  a  ineaaurinK  instrument.  I  do  not 
nropose  to  eater  npon  a  scieTitific  difit^uasion  of  the  pbenotnena 
of  anrfat-e  tenBioo,  capillarity,  and  the  cJiaiige  of  aurface  tension 
under  the  influence  of  electrical  potential  which  are  here  utilized, 
u  this  has  l>een  conipletelj-  done  iu  a  number  of  scientific  publi- 
oations,'  but  will  give  a  dcscriptioii  of  a  certain  form  of  this 
instriimeut  and  enumerate  some  of  its  principal  characteriatics. 


■m 


The  only  reasoned  for  the  comparatively  limited  use  to  which 
the  capillary  electrometer  has  been  put,  appear  to  be  that  it  baa 
not  been  made  into  a  portable  form,  as  glass  and  two  liquids 
enter  into  its  eonstnicttion,  and  that  great  care  iis  necessary  to 
keep  it  in  good  condition.  The  form  of  instrument  herein 
described  was  designed  with  the  view  of  overcoming  these  objec- 

1.  The  Cnpillsn-  Klpotroini'ier,  Geortfi  J.  Bun.>li.  Loud.  EUctneian,  '86, 
'■  Lehrbuvli  An  A%eii 
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tioDB.  Fig.  I  illustrates  the  constmction,  t  being  a  rather  thick 
glass  tube  having  a  platiuuni  wire  sealed  in  the  lower  end.  A 
layer  of  mercury  covers  the  platinum  wire,  and  the  tube  is  nearly 
tilled  witli  the  electrolyte  e,  which  consists  preferably  of  a  dilute 
solution  of  sulphuric  acid.  A  capillary  tube  c,  made  by  drawing  out 
a  piece  of  thermometer  tubing,  rests  against  the  side  of  the 
glass,  and  is  held  firmly  in  place  by  a  tightly  fitting  rubber 
stopper  inserted  in  the  top  of  the  large  glass  tube,  enclosing  an 
air  space  a  above  the  electrolyte.  A  piece  of  flexible  rubber 
tubing  is  fitted  on  the  upper  end  of  the  capillary  and  wrapped 
tightly  to  prevent  leakage.  This  tube,  being  filled  with  pure 
mercury  is  closed  by  a  piece  of  glass  into  which  platinum  wire 
is  sealed,  and  again  wrapped  tightly  with  copper  wire.  On  com- 
pressing the  pinch-cock  p,  mercury  is  forced  through  the  capil- 
lary and  upon  slightly  releasing  the  pressure  the  mercury  is 
drawn  back,  being  followed  by  the  electrolyte.  The  instrument 
is  then  ready  for  use.  A  microscope  m  containing  a  micrometer 
eye-piece  is  held  on  an  adjustable  support,  and  is  used  for 
noting  the  movement  of  the  meniscus.  The  glass  tube  is  held 
firmly  by  a  brass  collar  attached  to  an  ebonite  upright.  Two 
binding  posts,  s,  s,  form  the  terminals  of  the  instrument,  k  being 
the  kev  which  short-circuits  it  when  not  in  use  and  connects  the 
electrometer  with  the  binding  posts  when  depressed.  The  con- 
necting wires  are  placed  in  grooves  between  the  two  parts  of  the 
base. 

This  instrument  is  one  whicli  may  be  tipped  in  any  position 
without  injury,  it  is  as  portable  as  any  instrument  made  partly 
of  glass  can  be,  and  it  may  readily  be  taken  apart  for  the  pur- 
pose of  cleaning  or  renewing  its  parts.  It  will  resj)ond  to  a 
diflFerence  of  potential  of  one  one-thousandth  of  a  volt,  though 
with  proper  attention  to  its  construction  and  by  use  of  a  suitable 
microscope  its  sensibility  may  be  increased  ten-fold  or  even 
greater.  If  a  pressure  over  a  volt  is  applied  to  the  termi- 
nals an  electrolytic  action  will  occur,  with  the  liberation  of  a 
bubble  of  gas  or  the  formation  of  a  cloudy  ])recipitate  at  the 
meniscus,  depending  upon  the  polarity.  This  will  destroy  the 
sensibility,  but  the  defect  can  be  easily  remedied  by  compressing 
the  rubber  tube  until  a  drop  of  mercury  flows  through,  and  on 
releasing  the  pressure  the  instrument  is  again  ready  for  use. 
The  adjustment  of  the  meniscus  on  the  micrometer  scale  may 
be  made  either  by  moving  the  microscope  or  by  means  of  the 
pinch-cock. 


840  BUUOEHS  ON  CAPILLARY  ELECTROMKTKR.      [June  27, 

The  direction  of  movement  of  the  meniscus  depends  u]»on  the 
polarity,  and  tlie  extent  is  approximately  proportional,  through  a 
limited  range,  to  the  potential.  This  is  not  absolutely  so,  for  it 
would  entail  the  use  of  a  capillary  of  absolutely  uniform  bore, 
which  would  be  difficult  to  attain.  For  this  reason  it  is  almost 
essential  to  use  it  as  a  zero  instrument. 

The  meniscus  moves,  not  by  reason  of  a  passage  of  current 
through  the  instrument,  but  by  the  application  of  a  potential 
diiference  which  gives  it  a  certain  electrostatic  charge.  In  other 
words,  it  uiay  be  said  to  be  a  condenser  which  automatically 
registers  the  amount  of  charge  which  it  holds^.  An  addition  of 
resistance  in  circuit  will  in  no  wise  decrease  its  degree  of  sen- 
sitiveness, though  it  will  make  the  movement  of  the  meniscus 
somewhat  slower.  With  the  instrument  described,  an  applica- 
tion of  a  pressure  of  .005  volt  produced  a  deflection  of  eight 
divisions  on  the  scale  whether  this  pressure  was  applied  direct 
or  through  a  resistance  of  100,000  ohms. 

On  pressing  the  electrometer  key  the  meniscus  may  move  very 
rapidly  if  a  |>otential  diiference  exists  at  terminals,  and  again  on 
closing  the  short-circuit  key  it  will  quickly  return  to  its  zero 
point  without  vii)ration.  It  may  be  subjected  to  almost  any 
amount  of  mechanical  vibration  without  moving  the  position  of 
the  meniscus. on  the  scale. 

The  principal  characteristics  may  be  summed  up  as  follows : 
The  instrument  is  of  very  simple  construction  and  can  be  made 
by  any  one  fairly  expert  in  glass  manipulation.  It  is  very  light 
and  compacit,  and  requires  little  space  for  its  operation.  The 
instrument  described  weighs  two  pounds  and  occupies  a  space  of 
7  ''  X  5  "  X  T)".  In  the  way  of  portability  little  more  can  be  de- 
sired. It  may  be  <juickly  set  up  for  use,  requiring  no  leveling, 
and  the  adjustment  may  be  rapidly  made.  No  serious  damage 
siich  as  a  burnout  can  occur  by  the  accidental  application  of  even 
a  very  high  pressure.  The  breakage  of  any  of  its  parts  can  be 
repaired  with  little  trouble  and  at  slight  expense.  One  of  these 
instruments  has  been  in  use  for  nearly  a  year  and  the  only  repairs 
necessary  on  it  was  in  once  refilling  the  rubber  tube  with  mer- 
curv.  The  entire  absence  of  the  effect  of  mechanical  vibration 
and  varying  magnetic  field  will  especially  recommend  this  instru- 
ment. On  the  other  hand,  it  can  hardly  be  made  with  the 
degree  of  sensitiveness  which  may  be  given  the  galvanometer, 
and  it  has  to  be  used  as  a  zero  instrument. 
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Measurement  of  liquidation  liesistancp., — Having  had  occasion 
to  measure  the  insulation  resistance  of  a  large  numher  of  samples 
of  rubber  covered  wires  in  lengths  of  500  feet,  I  attein])te(l  to 
make  the  measurements  with  a  fonr-coil  Thomson  astatic  galva- 
nometer, using  the  well-known  direct  deflection  metho<l,  and 
encountered  all  the  difficulties  which  are  attendant  upon  the 
measurement  of  such  high  resistances,  and  was  unable  to  obtain 
salisfactorv  results,  owing  to  the  mechanical  vibrations  iu  the 
building  in  which  the  work  was  to  be  done,  and  to  the  constantly 
changing  magnetic*  field  produced  by  electric  machinery  opera- 
ting in  the  room  below.  When  trouble  was  not  experienced  from 
this  last  source,  the  movement  of  cars  on  an  electric  railway 
several  hundred  yards  away  caused  a  decided  swing  of  tlu-  gal- 
vanometer needle.  An  improved  and  sensitive  f»rm  of  D'Arson- 
val  galvanometer  was  then  used,  by  means  of  which  these 
influences  were  greatly  reduced,  though  not  entirely  eliminated. 
The  tendency  of  the  sus])ension  wire  to  take  a  se^t  if  the  swing 
of  the  coil  was  somewhat  large,  made  a  fre([uent  determination 
of  zero  necessary,  and  this,  together  with  the  length  of  tin:e 
required  for  the  mirror  to  come  to  rest  made  the  measurement 
of  a  large  number  of  resistances  slow  and  tedious  work. 

To  use  a  battery  of  chloride  of  silver  cells  for  such  m<»asure- 
ments  may  well  be  objected  to  for  testing  insulated  conductors, 
and  especially  those  which  are  to  be  used  on  high-tension  work- 
ing, on  account  of  the  comparatively  low  electromotive  force 
which  is  necessarily  used,  and  the  intenial  resistance  of  the  cells 
which  is  a  greatly  varying  quantity  and  may  sometimes  reach 
an  enormous  value.  It  is  desirable  in  such  measurements  that 
the  wire  shall  be  tested  under  actual  working  conditions,  and  a 
pressure  even  greater  than  that  for  which  it  was  designed  is  ])refer- 
able.  For  this  reason,  a  one  k.  w.  dynamo  to  be  operated  at  a 
pressure  of  l,Oi»0  volts  was  obtained.  This  was  belt-driven  from 
a  motor,  and  it  operated  at  a  fairly  constant  pressure,  but  upon 
attempting  to  employ  the  galvanometer  for  the  measurement  of 
the  current  flowing  through  the  insulation,  it  was  found  that 
even  the  slight  variations  of  pressure,  combined  with  the  elec- 
trostatic capacity  of  the  cable  under  test,  caused  disturbing 
currents  to  flow  through  the  galvanometer,  thus  preventing  the 
needle  from  takin<^  a  steady  deflection. 

The  attempt  was  then  made  to  employ  the  capillary  electrom- 
eter in  place  of  the  galvanometer,    and  the    results    obtained 
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were  so  satisfactory  that  I  feel  justified  in  describing  the  method 
used  and  the  results  obtained.  On  account  of  the  electrometer 
being  a  zero  instrument,  the  direct  deflection  method  cannot  be 
used,  and  a  compensation  method  is  employed ;  the  method  of 
operating  being  as  follows.  Fig.  2  shows  arrangement  of  con- 
nections for  the  test. 

A  known  resistance  r  (preferably  1,000,000  ohms)  is  placed  in 
series  with  the  generator  and  the  insulation  to  be  measured. 
The  electrometer  c  is  employed  in  measuring  the  fall  of 
potential  across  k  by  the  compensation  method  of  introducing  a 
pressure  in  series  with  the  electrometer  which  shall  just  neutral- 
ize the  pressure  across  r.     When  this  has  been  effected,  the 
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Fig.  2. 


depression  of  the  electrometer  key  will  produce  no  movement 
of  the  meniscus.  It  is  therefore  necessary  to  have  an  electro- 
motive force  which  may  be  varied  at  will.  A  convenient  method 
of  obtAining  this  pressure  is  the  following : 

Fig.  3  represents  plan  of  resistance  box,  the  terminals  of  which 
are  binding  posts  a,  b,  c,  d,  e.  Between  d  and  e  are  connected 
coils  of  german  silver  wire  arranged  in  series,  and  giving  a 
resistance  of  1,000  ohms.  This  resistance  is  subdivided  into  nine 
100-ohm  coils  and  ten  lO-ohm  coils,  the  ends  of  which  are  con- 
nected to  brass  terminals  and  numbered  as  shown.  Two  brass 
arms  which  are  connected  with  wires  to  binding  posts  a  and  b 
make  contact  with  the  resistance  terminals.  It  is  by  noting  the 
position  of  these  arms  that  the  pressure  between  a  and  b  is 
determined,  that  pressure  being  the  resistance  included  between 
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the  two  arms  x  a  conBtant  pressure  at  terminals  n  e,  -—  1,000. 
When  the  balancing  pressure  requires  that  the  contact  be  made 
between  the  terminals  of  one  of  the  ten-ohm  coils,  the  resistance 
which  would  produce  an  exact  balance,  may  be  calculated  by 
interpolation  with  a  fraction  of  an  ohm,  this  being  done  by 
noting  the  distance  of  movement  of  the  meniscus  of  electrometer. 
A  9,000-ohm  coil  between  c  and  d  enables  the  pressure  across 
D  E  to  be  one-tenth  of  the  pressure  of  the  battery  or  other  sources 
of  constant  pressure  connected  to  c  and  e. 

The  data  necessary  to  derive  the  value  of  insulation  resistance 
then  is  the  value  of  the  compensating  e.  m.  f.  which  may  be 
obtained  directly  from  the  reading  of  the  box  b  when  a  balance 
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has  been  eflFected.  Any  ordinary  form  of  primary  or  secondary 
cell  may  be  used  for  pressure  e^  The  expression  for  insulation 
resistance  is 

The  constant  is  1,000,000,000  e/e*,  and  the  ratio  e/e^  may  be 
derived  by  means  of  a  voltmeter,  or  if  such  instrument  is  not 
available,  by  balancing  the  smaller  pressure  in  circuit  with  the 
electrometer  and  terminal  a  b  against  the  larger  pressure  con- 
nected to  0  E,  the  volume  being  1,000  -r-  box  reading. 

When  dynamo  pressure  is  used  for  testing,  the  variations  in 
current  flowing  through  r  caused  by  slight  but  rapid  fluctuations 
of  applied  pressure  and  the  electrostatic  capacity  of  the  cable, 
will  produce  a  very  rapid  movement  of  the  meniscus  which  will 


S44 


RffJtOBSS  ON  CAPir.lABT  ELKCTROMBTER.      [June  27, 


interfere  seriouBiy  with  its  nee  unless  i:uital>le  prccautionB  are. 
taken.  Tlieinfinence  of  this  variable  current  upon  the  electrometer 
may  be  reduced  to  an  unnoficcable  anionnt  by  piaffing  a  eon- 
denser  across  the  terminals  of  tlie  clectronieter.  To  effect  this, 
however,  a  coniimratively  large  condenser  capacity  is  necessary, 
ten  microfarad)!  being  nsed  in  the  apiwratun  which  1  employed. 
The  foilowin;^  arrangement  proved  much  more  patigfactory  how- 
ever than  tlie  ordinary  form  (if  condenser  first  used. 

Fig,  4  shows  an  ii  tube  ufglass  cK>,scd  at  tlie  lower  ends  in  which 
[ilatiniun  wii-ew  are  fused.  These  wiies  are  covered  with  mercury 
and  the  tnheis  then  nearly  filled  with  an  electrolyte,  very  dilute 
sulplinric  acid  being  suitable.  The  platinnm  wires  are  connected 
to  electrometer  terminals  and  the  appliance  eiitiiely  absorbs  the 
fluctuations  which  would  nUierwise  cause  violent  movements  of 
the  meniscus.     It  will  be  seen  that  this  is  rcallv  a  modified  form 


of  the  electrometer  in  which  the  ^urfaces  of  contact  of  electro- 
lyte with  mercury  is  rather  large.  I'sing  tulies  .■">'  in  diameter 
a  condenser  of  Hill  microfarads  cajwcity  may  readily  be  obtained. 
If  thifi  capacity  is  too  great  however,  the  movement  of  the 
meniscus  in  the  capillary  tube  may  be  w(  slow  as  to  consume 
considerable  time  in  waiting  fur  it  to  cimie  to  rest.  The  capacity 
may  lie  varied  by  varying  the  ammiiit  of  mercury  p^urface  exposed, 
or  by  changing  the  density  of  the  elect  rulytc, 

lly  such  an  arrangement  the  pressure  fi-oni  any  ordiiuiry  direct 
current  dynamo  running  at  a  reasoi.ably  constant  voltage  may  be 
ulili^erl  in  the  testing  of  insulation  resistances 

Values  for  insulation  resistance  may  lie  nhtniiied  with  con- 
siderable accuracy  and  speed,  and  values  as  high  as  aO,(Hil>  meg- 
gohms  have  been  measured.  The  liniit  may  be  made  very  much 
greater  by  increasing  the  sensitiveness  of  the  ciectnimeter  or  by 
iucreasing  the  value  of  k. 
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A  portable  testing  set  which  I  liave  been  using  for  some  time 
consists  of  the  following  parts: — Chloride  of  silver. testing  bat- 
tery of  about  50  volts ;  capillary  electrometer  with  microscope 
and  short-circuit  key ;  graphite  resistance  of  one  megohm  ;  thou- 
sand ohm  subdivided  resistance  box ;  a  1.5-volt  dry  cell.  The 
weight  of  set,  exclusive  of  50-volt  battery  is  six  lbs.,  the  chloride 
of  silver  cells  weighing  10.5  lbs.  The  range  is  from  0  to  5,000 
megohms. 

Measurement  of  Electroyiotive  Force, — The  electrometer  with 
subdivided  resistance  box  may  be  used  for  the  measurement  of 
direct  pressures  up  to  150  volts  with  an  accuracy  of  one-tenth  of 
one  per  cent.,  provided  resistance  is  accurate.  The  standard  for 
comparison  is  the  standard  cell  of  known  e.  m.  k.  The  pressure 
to  be  measured  is  placed  across  terminals  d.  k.  if  less  than  15 
volts  and  l)etween  o.  k.  if  greater.  The  balance  is  effected  with 
standard  cell  in  series  with  electrometer  and  connected  to  termi- 
nals A.  B. 

As  the  cell  in  series  with  the  electrometer  is  not  called  upon 
to  furnish  an  appreciable  current,  this  affords  an  excellent  appa- 
ratus for  electrolytic  measurements  such  as  polarization  pressures 
an<l  contact  electromotive  force  set  up  between  metals  and  elec- 
trolytes, where  the  passage  of  an  appreciable  current  would  cause 
a  variation  in  the  pressure.  If  the  pressure  to  be  measured  is  of 
such  a  nature,  the  voltage  at  d.  v.,  must  be  known,  which  may  be 
furnished  by  any  of  the  ordinary  forms  of  cells  which  will  not 
polarize  appreciably  when  connected  through  1000  ohms. 

Values  of  current  may  be  obtained  bv  the  use  of  standard 
resistances  of  large  current  carrying  capacity,  the  drop  through 
such  htandard  being  measured  by  connecting  it  in  electrometer 
circuit. 

The  calibration  of  direct  current  ammeters  and  voltmeters  may 
be  conveniently  and  rapidly  carried  out  with  the  above  arrange- 
ment. 

This  form  of  electrometer  is  especially  suited  for  use  in  the 
dynamo  room  or  in  the  neighborhood  of  moving  machinery,  on 
account  of  the  small  anjount  of  space  necessary  for  its  o[)eration, 
the  rapidity  with  which  measurements  may  be  taken,  and  the 
entire  freedom  from  external  influences.  It  has  been  used  to  a 
considerable  extent  in  the  laboratories  of  the  University  of  Wis- 
consin in  obtaining  current  and  pressure  curves  on  alternating 
current   machinery,  and   has   proved   satisfactory   where   other 
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forms  of  measuring  instruments  had  failed.  The  method  of 
using  this  instrument  for  tracing  alternating  current  curves  is  in 
substituting  it  for  the  galvanometer  or  the  telephone  receiver  in 
the  method  proposed  by  Mershon\  Fig.  5.  It  is  superior  to  the 
telephone  receiver  from  the  fact  that  its  readings  oepend  upon 
the  eye  rather  than  the  ear ;  the  direction  in  which  the  slider 
must  be  moved  to  effect  the  balance  can  be  detected  immediately 
by  noting  the  direction  of  movement  of  the  meniscus ;  in  addi- 
tion, the  telephone  receiver  is  difficult  to  work  with  on  account  of 
the  noise  of  belts  and  machinery  and  the  induction  which  is  set  up 
when  used  in  the  neighborhood  of  alternating  current  apparatus. 
The  degree  of  accuracy  is  considerably  greater  as  is  also  the  rapidity 
with  wTiich  curves  can  be  taken.  For  use  in  this  work  a  micro- 
scope is  unnecessary,  and  when  the  movement  of  the  meniscus 
is  too  rapid  and  of  a  fluctuating  nature  due  to  unsteadiness  of 
the  compensating  pressure  or  other  causes,  a  condenser  similar 
to  the  one  described  above  may  be  used  as  a  damper.  A  resi^t- 
tance  placed  in  series  with  the  electrometer  will  also  serve  to 
increase  the  period  of  movement  of  the  meniscus. 

The  above  are  some  of  the  measurements  in  which  the  use  of 
the  electrometer  has  been  tested,  and  the  many  advantages 
which  have  been  found  for  it  leads  me  to  believe  that  it  might  be 
advantageously  used  in  many  other  measurements  in  practical 
engineering  work,  especially  in  those  where  a  great  degree  of 
sensitiveness  is  not  required.  In  any  of  the  modified  forms  of 
Wheatstone  bridge  methods  for  the  measurement  of  resistance,^ 
induction  and  capacity  it  should  prove  a  serviceable  instrument. 
For  use  on  shipboard  it  would  be  the  ideal  instrument  as  far  as 
the  rolling,  and  the  jars  duo  to  moving  machinery  are  concerned. 

Another  property  of  this  instrument,  and  one  which  might  be 
utilized  to  advantage,  is  the  ^reat  rapidity  with  which  the 
meniscus  may  move  under  a  variation  of  pressure.  It  has  been 
shown  that  alternating  curves  of  a  frequency  of  120  per  second 
may  be  obtained  by  a  photographic  record  of  the  excursions  of 
the  meniscus,  as  well  as  the  currents  of  much  greater  frequency 
which  the  telephone  line  transinits.- 

In  reply  to  an  inquiry  by  Prof.  Shepardson  as  to  what  extent 
inertia  would  enter  in  using  the  capillary  electrometer  for  tracing 
alternating  current  waves,  the  autnor  replied  that  the  capillary 
electrometer  may  be  made  so  that  the  eflfect  of  inertia  of  the 
mercury  column,  under  the  influence  of  an  alternating  pressure, 
will  be  inappreciable.  This  is  well  illustrated  by  the  fact  that 
Burch,  in  the  work  referred  to,  succeeded  in  reproducing  the 
curve  of  a  telephonic  current  having  a  frequency  of  about  600 
alternations  per  second. 

1.  •*  Alternating  Currents  and  Alt.  Current  .Machinery,'*  by  D.  0.  and  J.  P. 

Jackson,  p.  597. 

2.  ••  The  Capillary  Electrometer."  George  J.  Burch.  Lond.   Klectrician.  '96. 
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A  MODERN  ELECTRIC  CENTRAL  STATION. 


BY    OEOR(JE    A.    DAMON'. 


The  plaut  of  the  Imperial  Electric  Light,  Heat  and  Power 
Company,  of  St.  Louis,  Missouri,  is  interesting  at  this  time,  as  it 
is  a  good  example  of  the  present  tendency  in  electric  power 
station  practice. 

The  designers  of  this  installation  were  not  burdened  at  the 
outset  with  the  complication  of  an  old  aystem  of  distribution, 
nor  were  they  confronted  with  the  necessity  of  adapting  a 
new  station  to  the  use  of  generating  machinery  already  ou 
hand.  Everything  was  to  be  modern,  and  the  engineers  in 
charge  of  the  work  were  free  to  adopt  the  plans  which  seemed 
best  suited  to  the  existing  conditions.  The  territory  to  be  sup- 
plied with  electrical  energ}^  was  a  down-town  district,  and  the 
character  of  the  load  to  be  expected,  included  arc  and  incandes- 
cent lighting  as  required  in  stores,  hotels,  office  buildings,  and 
theatres,  with  more  than  the  ordinary  amount  of  motor  work  for 
elevators  and  light  manufacturing  establishments. 

In  planning  an  installation  for  a  commercial  enterprise  of  this 
character  two  conditions  are  imposed  upon  the  designer.  First, 
the  service  supplied  the  customer  must  be  absolutely  reliable.  The 
earning  capacity  of  the  whole  enterprise  depends  primarily  upon 
the  ability  to  furnish  a  continuous  electric  service,  and  any  im. 
pairment  or  interruption  would  be  a  serious  drawback  to  the  suc- 
cess of  the  undertaking.  After  reliability  has  been  secured,  the 
second  problem  is  to  deliver  to  the  customer  electrical  energy  at 
the  least  possible  cost,  considering  interest  upon  first  investment, 
maintenance,  and  all  other  factors  which  enter  into  operating 
expenses.      The   engineering  success  of  the  enterprise,    viewed 
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from  a  commercial  standpoint,  will  be  measured  in  the  propor- 
tion that  the  completed  work  meets  these  two  requirements  of 
maximum  reliability  and  of  economy,  consistent  with  minimam 
investment. 

The  system  which  has  been  adopted  as  the  one  best  fulfilling 
all  the  conditions  in  this  particular  case,  involves  the  use  of  the 
direct  current  220-volt  incandescent  lamp ;  the  location  of  the 
station  as  near  as  possible  to  the  center  of  distribution  ;  the 
operation  of  generators  capable  of  delivering  current  at  a  poten- 
tial of  500  volts,  a  special  armngement  of  the  generating  units, 
and  the  installation  of  a  storage  battery  in  the  plant  to  act  as  an 
accumulator,  and  also  to  operate  in  parallel  with  the  generators  as 
an  equalizer.  ThegenjBratorsare  run  at  a  potential  enough  greater 
than  440  volts  to  overcome  the  line  loss,  and  the  motor  circuits  are 
at  present  operated  at  this  potential.  The  storage  battery  across 
the  outside  mains  allows  220-volt  incandescent  lighting  feeders 
i^  be  distributed  over  the  district. 

It  is  not  the  purpose  of  this  paper  to  discuss  the  220-volt 
lamp  question,  any  more  than  to  indicate  that  the  adoption  of 
this  lamp,  after  a  careful  investigation,  for  a  central  station  of  this 
size  and  importance,  shows  considerable  faith  in  its  possibilities. 
Tlie  greatly  reduced  investment  required  for  copper  distribu- 
ting feeders  for  a  220-volt  system  from  that  required  by  the 
usual  direct  current  110-volt  system,  the  enlargement  therefore 
of  the  territory  which  could  be  supplied,  as  well  as  the  better 
quality  of  light  and  the  possibility  of  operating  small  220-volt 
motors  on  the  same  circuits,  were  the  main  advantages  which  led 
to  the  adoption  of  the  220-volt  lamp.  The  lower  efficiency 
and  the  higher  first  cost  of  the  lamp  as  compared  with  the 
110-volt  type  was  recognized,  but  these  points  are  yielding  to 
development,  and  it  is  thought  that  the  difference  between  the 
two  lamps  in  respect  to  efficiency  and  price  is  sure  to  become 
much  less  as  the  demand  for  the  new  lamp  increases. 

Local  conditions  made  the  location  of  the  plant  a  much 
simpler  problem  than  is  usually  the  case.  To  have  secured  free 
wator  for  condensation  purposes  would  have  removed  the  plant 
much  too  far  from  the  center  of  distribution.  The  difference 
between  drayage  charges  on  the  coal  delivered  to  the  station 
on  its  present  site,  and  the  cost  of  bridge  tolls   and  switching 
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cliarges  which  would  have  been  necewiary  if  the  coal  had  been 
delivered  directly  from  the  can?,  is  only  15  cents  per  ton  in  favor 
of  the  latter  plan,  and  this  is  not  enough  to  justify  the  extra 
expense  in  feeders  which  would  have  been  required  to  have 
located  the  plant  on  a  railroad  switch.  No  doubt,  there- 
fore, was  entertained  in  regard  to  the  advisability,  in  this  par- 
ticular caae,  of  carrying  the  fuel  of  the  plant  in  wagons  from  the 
railroad  to  the  station  at  the  center  of  supply,  rather  than  trans- 
mitting the  product  of  the  plant  over  copper  conductors  the 
same  distance. 

The  advantages  of  supplying  all  classes  of  service  from  one 
type  of  generator,  thus  simplifying  the  distribution  circuits  as 
well  as  the  arrangement  of  the  station,  and  at  the  same  time 
increasing  the  economy  of  the  plant  by  reducing  the  amount  of 
both  fuel  and  labor  required  were  not  forgotten.  At  periods  i»f 
light  loads  it  is  possible  to  furnish  the  entire  output  for  incan- 
descent lamps,  arc  lights  and  motors  from  one  generator,  while 
during  the  hours  of  minimum  demand  the  load  may  l>e  carried 
by  the  accumulator.  The  recent  rapid  progress  of  the  st^inige 
battery  in  this  country  has  been  brought  about  only  after  a  dj»*- 
cnssion  which  hat*  made  the  economic  advantages  of  a  \mXUtry 
auxiliary  in  connection  with  a  central  station  system,  matter*  of 
crommon  information,  and  therefore  they  need  not  lie  diMCUHiMr'l 
at  great  length  at  this  time. 

The  batterv  in  this  case  is  to  be  used  in  the  ordinarv  imififi^r 
During  periods  of  light  loads  it  will  accumulate  a  nh^qps  V»  \tt$ 
given  out  again  at  times  of  sudden  demand,  or  in  ord^r  t// 
carry  the  plant  over  the  peak  of  the  loa^l.  The  abiJkr  of  « 
battery  to  resptjud  immediately  to  unexi>eeteil  deumn4it^  ik  '/ft^t 
of  the  most  advantageous  features  of  an  BtiCMtnuluUjr  MUxiltMrt. 
The  necessity  of  carrying  a  sudden  increane  in  tins  UmA  kri**^ 
continually  in  central  station  operation,  and  wamilj  thm  t^^wW- 
tion  requires  that  a  reserve  of  boilern,  eDginc*  «^  ^ftAi^r»t//r#  v 
held  always  in  readiness  under  steani.  3f«0T  ^^Mf%:  *»*• 
managers  keep  a  generating  unit  tuniirjg  «bw)r  //rer,  r^yi. 
take  its  share  of  the  load  at  a  rrjorneot'*  iMl^«  tfr«Ai.'', 
creasing  what  njay  be  called  the '' xtand-br ""  k^s* //f  f|,^  j, ;, 
and  thus  sacrificing  the  economy  of  openrtiw  «f  ij^  «rAi.}/>r;  •/,  ' 
integrity  of  its  service.  An  accarnahlor /if  ^^^0^  \*thy.r 
will  take  care  of  these  extra  unexpwii^  imik  wHh  ur,* :. 
fuel  economy  and  at  considerable «Tia|r ift  fabr^  jkn/)  A'.-- 


The  batterv  acts  in  the  ftame 


munierni  etrnrthy 


•  •  »■  •  '--i.  •   "^ 
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the  load.  This  peak  usually  extends  over  a  period  of  from  one 
to  three  hours,  and  in  an  ordinary  plant  the  equipment  which  is 
necessary  to  supply  the  extra  demand  at  this  time,  is  inoperative 
during  the  remainder  of  the  day.  The  interest  on  the  invest- 
ment, the  fixed  charges  and  the  allowance  for  depreciation  on  this 
part  of  the  plant  are  the  same,  whether  the  machinery  is  run- 
ning for  two  hours  orfor  the  entire  twenty-four  hours  of  each  day. 
The  interest  factor  in  the  cost  of  producing  the  amount  of  en- 
ergy required  to  carry  the  extra  demand  at  the  peak  of  the  load, 
is  thus  greatly  increased  over  the  corresponding  factor  in  the 
cost  of  the  remaining  average  output  of  the  station.  Add 
to  this  the  fact  that  the  plant  is  necessarily  working  at 
low  eflSciency  on  account  of  a  constantly  varying  load  of 
short  duration,  and  the  effect  of  the  peak  of  the  load 
upon  the  earning  capacity  of  the  station  may  be  appreciated. 
The  storage  battery  auxiliary  improves  these  unfavorable  condi- 
tions, first,  by  evening  up  the  load  line,  and  thus  increasing  the 
efliciency  of  the  generating  plant,  and  second,  by  decreasing  the 
total  amount  of  investment  required.  The  advantages  of  con- 
venience and  reliability  of  an  accumulator  in  a  central  station 
cannot  be  questioned.  Whether  or  not  it  will  improve  the  effi- 
ciency or  decrease  the  total  amount  of  required  investment  in 
any  particular  case  is  influenced  by  local  conditions,  principally 
the  character  of  the  load  line.  In  the  plant  being  considered  the 
peak  of  the  load  is  expected  to  extend  over  a  period  of  little  more 
than  one  hour,  which  is  a  condition  especially  favorable  to  the 
use  of  a  storage  battery,  though  the  "  factor  of  safety  "  which 
the  battery  adds  to  the  plant  is  an  advantage  of  nearly  suflicient 
importance  to  justify  the  investment. 

Coming  to  the  generating  station  proper,  it  is  found  that  every 
precaution  known  to  modern  practice  has  been  adopted  to  de- 
liver at  the  switchboard  as  much  as  possible  of  the  energy  orig- 
inally contained  in  the  fuel.  A  central  station  is  at  its  best  a 
very  wasteful  institution,  delivering  to  the  distributing  circuits, 
under  its  best  working  conditions,  but  from  five  to  seven  per 
cent,  of  the  energy  originally  supplied  to  it  from  the  fuel. 
Where  the  evident  possibilities  of  increasing  efficiency  are 
80  great,  the  study  of  the  economics  of  a  modern  electric  plant 
is  an  imporant  one. 

Fig.  1  shows  a  cross-section  of  the  station  and  indicates  the 
general  compact  arrangement  of  the  plant  equipment,  which  was 
7/}/ide  necessary  on  account  of  the  cost  of  real  estate  in  the  vi- 
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cinity  of  the  site.  The  engine-room  and  the  boiler-room  are 
upon  the  ground  level,  which  arrangement  ensures  plenty  of 
light,  good  ventilation,  and  convenience  in  operation.  The  engine- 
room  basement  is  used  for  the  storage  batteries,  while  in  the 
boiler-room  basement  is  located  the  coal-storage  bin,  the  ash-hand- 
ling apparatus,  the  piping,  pumps,  hot-well  and  condenser.  A 
second  floor  is  added  to  the  building  for  the  offices  of  the  com- 
pany, for  the  storage  of  supplies  and  for  a  machine  and  repair 
shop. 

The  furnaces  of  the  boiler  are  of  the  down-draft  type,  thus 
8ef»u ring  the  advantage  of  skilful  hand  firing,  and  at  the  same 
time  avoiding  the  cooling  of  the  gases,  by  the  frequent  opening 
of  the  furnace  doors.  The  water-cooled  grates  furnish  some  addi- 
tional heating  surface  to  the  boiler  and  the  general  arrangement 
ensures  a  better  combustion  of  fuel  than  is  ordinarily  obtained. 
This  results  in  reducing  the  amount  of  ash  and  preventing  the 
production  of  smoke,  the  latter  feature  being  absolutely  essential 
in  a  city  installation.  Considerations  of  availability  and  cost, 
limit  the  fuel  supply  to  coal  from  Southern  Illinois  mines,  which 
produce  a  bituminous  slack  containing  about  11,000  b.  t.  u. 
]>er  pound.  As  the  wagons  deliver  the  coal  directly  on  the 
boiler  room  floor,  automatic  coal-handling  machinery  was  not 
thought  to  be  a  good  investment. 

Horizontal  water  tube  boilers  were  adopted  on  account  of  their 
(juick  steaming  properties,  the  comparatively  small  amount  of 
flc>or  space  occupied  by  large  capacities,  their  economy  of  fuel, 
and  their  safety  under  high  steam  pressures,  the  pressure  adopted 
for  this  plant  being  175  pounds.  In  determining  the  size  of  the 
boilers,  due  allowance  was  made  for  the  fact  that  they  were  to  be 
operated  in  conjunction  with  economizers,  and  their  capacity  was 
reduced  accordingly.  The  question  of  economizers  was  thoroughly 
considered,  and  they  were  adopted  only  after  careful  estimates 
had  been  made,  which  demonstrated  that  the  probable  saving  of 
fuel  effected  by  their  use  would  be  sufficient  to  cover  the  usual 
allowance  for  depreciation,  insurance,  etc.,  and  yet  leave  a  very 
good  margin  for  interest  on  the  investment.  As  no  steam-driven 
auxiliaries  are  used  in  the  plant,  there  is  consequently 
no  other  feed-water  heater  besides  the  economizer.  The 
economizer  for  each  battery  of  two  375  n.  p.  boilers  consists  of 
320  pipes,  and  the  heavy  weight  is  carried  on  special  iron  frame- 
work which  places  the  economizer  at  the  back  and  above  the 
boilers  as  shown  in  the  figure.     The  flue  passages^  and  ^\a.^Vl  e.^\v 
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nections,  are  so  arranged  and  fitted  witli  dampers  that  the  flue  gases 
can  pa88  either  directly  to  the  stack,  through  the  economizer  to  tlie 
stack,  or  in  series  through  the  mechanical  draft  fan  and  economizer. 

A  mechanical  draft  fan  is  now  considered  by  many  engineers, 
a  necessary  adjunct  to  a  power  station,  and  especially  is  this  true 
if  economizers  are  used,  as  in  this  case  the  flue  gases  escaping 
from  the  boilers  can  be  robbed  of  nearly  all  their  latent  heat 
without  impairing  the  draft.  To  the  fact  that  a  saving  is  thus 
effected  in  the  usual  large  waste  due  to  a  chimney,  the  mechani- 
cal draft  fan  has  the  further  advantage  of  furnishing  a  ready 
means  of  controlling  the  draft  according  to  the  load  upon  the 
plant,  so  that  the  boilers  may  be  worked  with  comparative  econ- 
omy at  light  loads,  or  may  be  forced  far  beyond  their  rated  capa- 
city without  too  seriously  affecting  their  economy.  Unfortun- 
ately in  this  particular  plant,  the  city  ordinances  required  a  stack 
which  would  carry  the  gases  up  above  the  surrounding  buildings. 
For  this  purpose  a  steel  chimney  has  been  built,  but  it  is  a  disad- 
vantage rather  than  a  benefit  as  far  as  the  (juestion  of  draft  it>elf 
is  concerned. 

The  engines  are  compound-condensing,  and  are  the  only  steam 
using  parts  of  the  entire  station  equipment,  all  auxiliary  appar- 
atus being  operated  by  means  of  electric  motors.  The  s:eam 
thus  passes  directly  from  the  boilers  into  the  engines  with  a 
minimum  amount  of  steam  piping  exposed  for  radiation  lo-ases. 
The  steam  from  the  engines  exhausts  into  a  surface  condenser 
placed  in  the  basement  below  the  boiler-room,  from  which  it  is 
pumped  into  the  hot- well  and  through  the  economizers  back  into 
the  boilers. 

The  condensing  water  which  flows  through  the  tubes  of  the 
condenser  is  taken  from  the  bottom  of  a  cooling  tower  IcK'ated 
upon  the  roof  at  an  elevation  of  50  feet  above  the  condensing 
apparatus.  After  this  water  passes  through  the  condenser  it  is 
forced  back  to  the  top  of  the  cooling  tower  by  means  of  cen- 
trifugal circulating  pumps.  The  water  circuit  is  arrange<l  so 
that  the  weight  of  the  descending  column  is  used  to  balance  the 
weight  of  the  ascending  column  of  water.  The  work  actually 
required  of  the  circulating  pump,  therefore,  is  represented  by 
the  amount  of  power  recjuired  to  raise  the  water  through  the 
height  of  the  tower,  or  about  30  feet,  and  the  net  result  is  the 
same  as  if  the  tower  had  been  located  on  the  ground  level. 

The  plans  for  the  completed  station  contemplate  a  total  ca])acity 
of  5,000  K.  w.  There  are  at  present,  however,  installed  in  the  station 
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but  two  engines,  one  of  750  h.  p.  and  the  other  of  1,500  h.  p. 
capacity.  These  engines  are  of  the  cross-compound  marine  type 
of  massive  design  and  run  at  a  speed  of  150  r.  p.  m.  They  are 
expected  to  develop  an  indicated  horse  power  hour  on  less 
than  14  pounds  of  water.  Each  engine  is  designed,  however, 
to  stand-  a  continuous  overload  of  100  per  cent.  This  will  be 
developed  by  means  of  admitting  high  pressure  steam  directly 
into  the  low  pressure  cylinder.  The  conditions  under  which  it 
is  expected  to  operate  the  engines  in  this  manner  will  be  referred 
to  later.  The  cylinders  are  placed  side  by  side,  each  piston 
acting  upon  a  separate  crank.  Between  the  cylinders  is  located 
the  receiver  which  is  provided  with  copper  reheating  coils.  The 
high-pressure  cylinder  is  steam-jacketed  on  the  barrel,  and  both 
cylinders  have  a  steam-jacket  on  the  heads.  Both  receivers  and 
cylinders  are  protected  with  a  nonconducting  covering  over 
which  there  is  a  steel  jacket  held  in  place  by  bands.  Each  engine 
is  provided  with  a  heavy  Hy  wheel  located  in  the  center  of  the 
frame  between  the  cylinders.  The  throttle- valve  is  of  the  flanged 
lever  type  and  is  operated  from  the  starting  platform.  The 
speed  is  regulated  by  a  shaft  governor  operating  an  eccentric  con- 
nected to  the  cut  off  valves  of  the  high-pressure  cylinder,  and  in 
addition  to  this  governor,  each  engine  is  provided  with  an  addi- 
tional automatic  safety-valve,  designed  for  the  protection  of  the 
engine  in  case  the  speed  should  be  abnormally  increased  for  any 
reason.  The  engines  also  have  a  speeding  device  attachment  by 
means  of  which  they  may  be  brought  to  the  same  rate  of  speed 
under  frictional  load  as  under  full  load. 

The  engines  are  directly  connected  to  three  500  k.  w.  genera- 
tors and  two  50  k.  w.  boosters.  These  dynamos  are  of  the  multi- 
polar type  with  ironclad  bar  wound  armatures.  Provision  is 
made  for  eliding  the  field  casting  parallel  with  the  shaft  a 
sufficient  distance  to  allow  the  field  coils  to  be  removed  and  the 
armatures  reached  for  repairs.  The  brush  holders  are  carried  in 
a  circular  iron  frame,  arranged  to  be  moved  by  means  of  a 
threaded  rod  and  a  hand-wheel,  so  that  the  position  of  the 
brushes  may  be  adjusted.  An  additional  hand-wheel  is  provided 
for  lifting  the  brushes  from  the  commutator. 

The  engines  and  generators  are  connected  by  means  of  the 
"  Arnold  System  ''  This  system  of  power  station  design  is  well 
known,  but  its  application  to  this  particular  station  will  be  of 
interest.  The  general  idea  of  the  system  is  to  improve  upon 
the  u^ual  direct-connected  unit  principle  by  mounting  each  gener- 
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forms  of  measuring  instramentB  had  failed.  The  method  of 
using  this  instrument  for  tracing  alternating  current  curves  is  in 
substituting  it  for  the  galvanometer  or  the  telephone  receiver  in 
the  method  proposed  by  Mershon^  Fig.  5.  It  is  superior  to  the 
telephone  receiver  from  the  fact  that  its  readings  oepend  upon 
the  eye  rather  than  the  ear ;  the  direction  in  which  the  slider 
must  be  moved  to  effect  the  balance  can  be  detected  immediately 
by  noting  the  direction  of  movement  of  the  meniscus;  in  addi- 
tion, the  telephone  receiver  is  difficult  to  work  with  on  account  of 
the  noise  of  belts  and  machinery  and  the  induction  which  is  set  up 
when  used  in  the  neighborhood  of  alternating  current  apparatus. 
The  degree  of  accuracy  is  considerably  greater  as  is  also  the  rapidity 
with  wnich  curves  can  be  taken.  For  use  in  this  work  a  micro- 
scope is  unnecessary,  and  when  the  movement  of  the  meniscus 
is  too  rapid  and  of  a  fluctuating  nature  due  to  unsteadiness  of 
the  compensating  pressure  or  other  causes,  a  condenser  similar 
to  the  one  described  above  may  be  used  as  a  damper.  A  resi^t- 
tance  placed  in  series  with  the  electrometer  will  also  serve  to 
increase  the  period  of  movement  of  the  meniscus. 

The  above  are  some  of  the  measurements  in  which  the  use  of 
the  electrometer  has  been  tested,  and  the  many  advantages 
which  have  been  found  for  it  leads  me  to  believe  that  it  might  be 
advantageously  used  in  many  other  measurements  in  practical 
engineering  work,  especially  in  those  where  a  great  degree  of 
sensitiveness  is  not  required.  In  any  of  the  modified  forms  of 
Wheatstone  bridge  methods  for  the  measurement  of  resistance, 
induction  and  capacity  it  should  prove  a  serviceable  instrument. 
For  use  on  shipboard  it  would  be  the  ideal  instrument  as  far  as 
the  rolling,  and  the  jars  duo  to  moving  machinery  are  concerned. 

Another  proj)erty  of  this  instrument,  and  one  which  might  be 
utilized  to  advantage,  is  the  ^reat  rapidity  with  which  the 
meniscus  may  move  under  a  vanation  of  pressure.  It  has  been 
shown  that  alternating  curves  of  a  frequency  of  120  per  second 
may  be  obtained  by  a  photographic  record  of  the  excursions  of 
the  meniscus,  as  well  as  the  currents  of  much  greater  frequency 
which  the  telephone  line  transmits.- 

In  reply  to  an  inquiry  by  Prof.  Shepardson  as  to  what  extent 
inertia  would  enter  in  using  the  capillary  electrometer  for  tracing 
alternating  current  waves,  the  autnor  replied  that  the  capillary 
electrometer  may  be  made  so  that  the  effect  of  inertia  of  the 
mercury  column,  under  the  influence  of  an  alternating  pressure, 
will  be  inappreciable.  This  is  well  illustrated  by  the  fact  that 
Bureh,  in  the  work  referred  to,  succeeded  in  reproducing  the 
curve  of  a  telephonic  current  having  a  frequency  of  about  600 
alternations  per  second. 

1.  •*  Alternating  Currents  and  Alt.  Current  Machinery,'  by  D.  C.  hucI  J.  P. 

Jackson,  p.  597. 

2.  ••  The  Capillary  Electrometer."  George  J.  Burch,  Lond.   hlecfrician,  '96. 
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A  MODERN  P]LECTRIC  CENTRAL  STATION. 


BY    OEORCfE    A.    DAMON. 


The  plant  of  tlie  Imperial  Electric  Light,  Heat  and  Power 
Company,  of  St.  Louis,  Missouri,  is  interesting  at  this  time,  as  it 
is  a  good  exaujple  of  tlie  present  tendency  in  electric  power 
station  practice. 

The  designers  of  this  installation  were  not  burdened  at  the 
outset  with  the  complication  of  an  old  aystem  of  distribution, 
nor  were  they  confronted  with  the  necessity  of  adapting  a 
new  station  to  the  use  of  generating  machinery  already  on 
hand.  Everything  was  to  be  modern,  and  the  engineers  in 
charge  of  the  work  were  free  to  adopt  the  plans  which  seemed 
best  suited  to  the  existing  conditions.  The  territory  to  be  sup- 
plied with  electrical  energy  was  a  down-town  district,  and  the 
character  of  the  load  to  be  expected,  included  arc  and  incandes- 
cent lighting  as  required  in  stores,  hotels,  office  buildings,  and 
theatres,  with  more  than  the  ordinary  amount  of  motor  work  for 
elevators  and  light  manufacturing  establishments. 

In  planning  an  installation  for  a  commercial  enterprise  of  this 
character  two  conditions  are  imposed  upon  the  designer.  First, 
the  service  supplied  the  customer  must  be  absolutely  reliable.  The 
earning  capacity  of  the  whole  enterprise  depends  primarily  upon 
the  ability  to  furnish  a  continuous  electric  service,  and  any  im- 
pairment or  interruption  would  be  a  serious  drawback  to  the  suc- 
cess of  the  undertaking.  After  reliability  has  been  secured,  tlie 
second  problem  is  to  deliver  to  the  customer  electrical  energy  at 
the  least  possible  cost,  considering  interest  upon  first  investment, 
maintenance,  and  all  other  factors  which  enter  into  operating 
expenses.      The   engineering  success  of  the  enterprise,    viewed 
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from  a  commercial  standpoint,  will  be  measured  in  the  propor- 
tion that  the  completed  work  meets  these  two  requirements  of 
maximum  reliability  and  of  economy,  consistent  with  minimum 
investment. 

The  system  which  has  been  adopted  as  the  one  best  fulfilling 
all  the  conditions  in  this  particular  case,  involves  the  use  of  the 
direct  current  220- volt  incandescent  lamp;  the  location  of  the 
station  as  near  as  possible  to  the  center  of  distribution  ;  the 
operation  of  generators  capable  of  delivering  current  at  a  poten- 
tial of  500  volts,  a  special  arrangement  of  the  generating  units, 
and  the  installation  of  a  storage  battery  in  the  plant  to  act  as  an 
accumulator,  and  also  to  operate  in  parallel  with  the  generators  as 
an  equalizer.  The  generators  are  run  at  a  potential  enough  greater 
than  44:0  volts  to  overcome  the  line  loss,  and  the  motor  circuits  are 
at  present  operated  at  this  potential.  The  storage  battery  across 
the  outside  mains  allows  220-volt  incandescent  lighting  feeders 
td  be  distributed  over  the  district. 

It  is  not  the  purpose  of  this  paper  to  discuss  the  220-volt 
lamp  question,  any  more  than  to  indicate  that  the  adoption  of 
this  lamp,  after  a  careful  investigation,  for  a  central  station  of  this 
size  and  importance,  shows  considerable  faith  in  its  possibilities. 
The  greatly  reduced  investment  required  for  copper  distribu- 
ting feeders  for  a  220-volt  system  from  that  required  by  the 
usual  direct  current  110-volt  system,  the  enlargement  therefore 
of  the  territory  which  could  be  supplied,  as  well  as  the  better 
quality  of  light  and  the  possibility  of  operating  small  220-volt 
motors  on  the  same  circuits,  were  the  main  advantages  which  led 
to  the  adoption  of  the  220-volt  lamp.  The  lower  efficiency 
and  the  higher  first  cost  of  the  lamp  as  compared  with  the 
110-volt  type  was  recognized,  but  these  points  are  yielding  to 
development,  and  it  is  thought  that  the  difference  between  the 
two  lamps  in  respect  to  efllciency  and  price  is  sure  to  become 
much  less  as  the  demand  for  the  new  lamp  increases. 

Local  conditions  made  the  location  of  the  plant  a  much 
simpler  problem  than  is  usually  the  case.  To  have  secured  free 
wator  for  condensation  purposes  would  have  removed  the  plant 
much  too  far  from  the  center  of  distribution.  The  difference 
between  drayage  charges  on  the  coal  delivered  to  the  station 
on  its  present  site,  and  the  cost  of  bridge  tolls   and  switching 
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charges  which  would  have  been  necessary  if  the  coal  had  been 
delivered  directly  from  the  cars,  is  only  15  cents  per  ton  in  favor 
of  the  latter  plan,  and  this  is  not  enough  to  justify  the  extra 
expense  in  feeders  which  would  have  been  required  to  have 
located  the  plant  on  a  railroad  switch.  No  doubt,  there- 
fore, was  entertained  in  regard  to  the  advisability,  in  this  par- 
ticular case,  of  carrying  the  fuel  of  the  plant  in  wagons  from  the 
railroad  to  the  station  at  the  center  of  supply,  rather  than  trans- 
mitting the  product  of  the  plant  over  copper  conductors  the 
same  distance. 

The  advantages  of  supplying  all  classes  of  service  from  one 
type  of  generator,  thus  simplifying  the  distribution  circuits  as 
well  as  the  arrangement  of  the  station,  and  at  the  same  time 
increasing  the  economy  of  the  plant  by  reducing  the  amount  of 
both  fuel  and  labor  required  were  not  forgotten.  At  periods  of 
light  loads  it  is  possible  to  furnish  the  entire  output  for  incan- 
descent lamps,  arc  lights  and  motors  from  one  generator,  while 
during  the  hours  of  minimum  demand  the  load  may  be  carried 
by  the  accumulator.  The  recent  rapid  progress  of  the  storage 
battery  in  this  country  has  been  brought  about  only  after  a  dis- 
cussion which  has  made  the  economic  advantages  of  a  battery 
auxiliary  in  connection  with  a  central  station  system,  matters  of 
common  information,  and  therefore  they  need  not  be  discussed 
at  great  length  at  this  time. 

The  battery  in  this  case  is  to  be  used  in  the  ordinary  manner. 
During  periods  of  light  loads  it  will  accumulate  a  charge  to  be 
given  out  again  at  times  of  sudden  demand,  or  in  order  to 
carry  the  plant  over  the  peak  of  the  load.  The  ability  of  a 
battery  to  respond  immediately  to  unexpected  demands,  is  one 
of  the  most  advantageous  features  of  an  accumulator  auxiliary. 
The  necessity  of  carrying  a  sudden  increase  in  the  load  arises 
continually  in  central  station  operation,  and  usually  this  condi- 
tion requires  that  a  reserve  of  boilers,  engines  and  generators  be 
held  always  in  readiness  under  steam.  Many  central  station 
managers  keep  a  generating  unit  turning  slowly  over,  ready  to 
take  its  share  of  the  load  at  a  moment's  notice,  greatly  in- 
creasing what  niay  be  called  the  '*  stand-by  "  losses  of  the  plant, 
and  thus  sacrificing  the  economy  of  operation  of  the  station  to  the 
integrity  of  its  service.  An  accumulator  of  proper  proportions 
will  take  care  of  these  extra  unexpected  loads  with  much  better 
fuel  econoujy  and  at  considerable  saving  in  labor  and  worry. 

The  battery  acts  in  the  same  manner  in  carrying  the  peak  v>l 
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the  load.  This  peak  usually  extends  over  a  period  of  from  one 
to  three  hours,  and  in  an  ordinary  plant  the  equipment  which  is 
necessary  to  supply  the  extra  demand  at  this  time,  is  inoperative 
during  the  remainder  of  the  day.  The  interest  on  the  invest- 
ment, the  fixed  charts  and  the  allowance  for  depreciation  on  this 
part  of  the  plant  are  the  same,  whether  the  machinery  is  run- 
ning for  two  hours  or  for  the  entire  twenty-four  hours  of  each  day. 
The  interest  factor  in  the  cost  of  producing  the  amount  of  en- 
ergy required  to  carry  the  extra  demand  at  the  peak  of  the  load, 
IB  thus  greatly  increased  over  the  corresponding  factor  in  the 
cost  of  the  remaining  average  output  of  the  station.  Add 
to  this  the  fact  that  the  plant  is  necessarily  working  at 
low  efficiency  on  account  of  a  constantly  varying  load  of 
short  duration,  and  the  effect  of  the  peak  of  the  load 
upon  the  earning  capacity  of  the  station  may  be  ap])reciated. 
The  storage  battery  auxiliary  improves  these  unfavorable  condi- 
tions, first,  by  evening  up  the  load  line,  and  thus  increasing  the 
efficiency  of  the  generating  plant,  and  second,  by  decreasing  the 
total  amount  of  investment  required.  The  advantages  of  con- 
venience and  reliability  of  an  accumulator  in  a  central  station 
cannot  be  questioned.  Whether  or  not  it  will  improve  the  effi- 
ciency or  decrease  the  total  amount  of  required  investment  in 
any  particular  case  is  influenced  by  local  conditions,  principally 
the  character  of  the  load  line.  In  the  plant  being  considered  the 
peak  of  the  load  is  expected  to  extend  over  a  period  of  little  more 
than  one  hour,  which  is  a  condition  especially  favorable  to  the 
use  of  a  storage  battery,  though  the  "  factor  of  safety  "  which 
the  battery  adds  to  the  plant  is  an  advantage  of  nearly  sufficient 
importance  to  justify  the  investment. 

Coming  to  the  generating  station  proper,  it  is  found  that  every 
precaution  known  to  modern  practice  has  been  adopted  to  de- 
liver at  the  switchboard  as  much  as  possible  of  the  energy  orig- 
inally contained  in  the  fuel.  A  central  station  is  at  its  best  a 
very  wasteful  institution,  delivering  to  the  distributing  circuits, 
under  its  best  working  conditions,  but  from  five  to  seven  per 
cent,  of  the  energy  originally  supplied  to  it  from  the  fuel. 
Where  the  evident  possibilities  of  increasing  efficiency  are 
80  great,  the  study  of  the  economics  of  a  modern  electric  plant 
is  an  imporant  one. 

Fig.  1  shows  a  cross-section  of  the  station  and  indicates  the 
general  compact  arrangement  of  the  plant  equipment,  which  was 
made  necessary  on  account  of  the  cost  of  real  estate  in  the  vi- 
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cinity  of  the  site.  The  engine-room  and  the  boiler-room  are 
upon  the  ground  level,  which  arrangement  ensures  plenty  of 
light,  good  ventilation,  and  convenience  in  operation.  The  engine- 
room  basement  is  used  lor  the  storage  batteries,  while  in  the 
boiler-room  basement  is  located  the  coal-storage  bin,  the  ash-hand- 
ling apparatus,  the  piping,  j>ump8,  hot-well  and  condenser.  A 
second  floor  is  added  to  the  building  for  the  offices  of  the  com- 
pany, for  the  storage  of  supplies  and  for  a  machine  and  repair 
shop. 

The  furnaces  of  the  boiler  are  of  the  down-draft  type,  thus 
securing  the  advantage  of  skilful  hand  tiring,  and  at  the  same 
tinie  avoiding  the  cooling  of  the  gases,  by  the  freijuent  opening 
of  the  furnace  doors.  The  water-cooled  gratis  furnish  some  addi- 
tional heating  surface  to  the  boiler  and  the  general  arrangement 
ensures  a  better  combustion  of  fuel  than  is  ordinarily  obtained. 
This  results  in  reducing  the  amount  of  ash  and  preventing  the 
])roduction  of  smoke,  the  latter  feature  being  absolutely  essential 
in  a  city  installation.  Considerations  of  availability  and  cost, 
limit  the  fuel  supply  to  coal  from  Southern  Illinois  mines,  which 
l)ro(luee  a  bituminous  slack  containing  about  11,000  b.  t.  u. 
]>er  pound.  As  the  wagons  deliver  the  coal  directly  on  the 
boiler  room  floor,  automatic  coal-handling  machinery  was  not 
thought  to  be  a  good  investment. 

Horizontal  water  tube  boilers  were  adopted  on  account  of  their 
(J nick  steaming  properties,  the  comparatively  small  amount  of 
floor  space  occui)ied  by  large  capacities,  their  economy  of  fuel, 
and  their  safety  under  high  steam  ])re8sures,  the  pressure  adopted 
for  this  plant  being  175  pounds.  In  determining  the  size  of  the 
boilers,  due  allowance  was  made  for  the  fact  that  they  were  to  be 
operated  in  conjunction  with  economizers,  and  their  capacity  was 
reduced  accordingly.  The  question  of  economizers  was  thoroughly 
considered,  and  they  were  adopted  only  after  careful  estimates 
bad  been  made,  which  demonstrated  that  the  probable  saving  of 
fuel  effected  by  their  use  would  be  sufficient  to  cover  the  usual 
jiliowance  for  depreciation,  insurance,  etc.,  and  yet  leave  a  very 
<ro()d  margin  for  interest  on  the  investment.  As  no  steam-driven 
auxiliaries  are  used  in  the  plant,  there  is  consequently 
no  other  feed- water  heater  besides  the  economizer.  The 
economizer  for  each  battery  of  two  375  n.  p.  boilers  consists  of 
'^20  pipes,  and  the  heavy  weight  is  carried  on  special  iron  frame- 
work which  places  the  economizer  at  the  back  and  above  the 
boilers  as  shown  in  the  tigare.     The  flue  passages,  and  stack  c^u- 
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nections,  are  so  arranged  and  fitted  with  dampers  that  the  iiue  gase:> 
can  pass  either  directly  to  the  stack,  through  the  economizer  to  tlie 
stack,  or  in  series  through  the  mechanical  draft  fan  and  economizer, 

A  mechanical  draft  fan  is  now  considered  by  many  engineei-s, 
a  necessary  adjunct  to  a  power  station,  and  especially  is  this  true 
if  economizers  are  used,  as  in  this  case  the  fine  gases  escaping 
from  the  boilers  can  be  robbed  of  nearly  all  their  latent  heat 
without  impairing  the  draft.  To  the  fact  that  a  saving  is  thus 
effected  in  the  usual  large  waste  due  to  a  chimney,  the  mechani- 
cal draft  fan  has  the  further  advantage  of  furnishing  a  ready 
means  of  controlling  the  draft  according  to  the  load  upon  the 
plant,  so  that  the  boilers  may  be  worked  with  comparative  econ- 
omy at  light  loads,  or  may  be  forced  far  l)eyond  their  rated  ca])a- 
city  without  too  seriously  affecting  their  economy.  Unfortun- 
ately in  this  particular  plant,  the  city  ordinances  required  a  stack 
which  would  carry  the  gases  up  above  the  surrounding  buildings. 
For  this  purpose  a  steel  chimney  has  been  built,  but  it  is  a  disad- 
vantage rather  than  a  benefit  as  far  as  the  question  of  draft  itself 
is  concerned. 

The  engines  are  compound-condensing,  and  are  the  only  j-team 
using  parts  of  the  entire  station  ec^uipment,  all  auxiliary  ap|)ar- 
atus  being  operated  by  means  of  electric  motors.  The  s:eiun 
thus  passes  directly  from  the  boilers  into  the  engines  with  a 
minimum  amount  of  steam  piping  exposed  for  radiation  losses. 
The  steam  from  the  engines  exhausts  into  a  surface  condenser 
placed  in  the  basement  below  the  boiler-room,  from  which  it  is 
pumped  into  the  hot-well  and  through  the  economizers  back  into 
the  boilers. 

The  condensing  water  which  flows  through  the  tubes  of  the 
condenser  is  taken  from  the  bottom  of  a  cooling  tower  located 
upon  the  roof  at  an  elevation  of  50  feet  above  the  condensing 
apparatus.  After  this  water  passes  through  the  condenser  it  is 
forced  back  to  the  top  of  the  cooling  tower  by  means  of  cen- 
trifugal circulating  pumps.  The  water  circuit  is  arranged  so 
that  the  weight  of  the  descending  column  is  used  to  balance  the 
weight  of  the  ascending  column  of  water.  The  work  actually 
required  of  the  circulating  pump,  therefore,  is  represented  by 
the  amount  of  power  required  to  raise  the  water  through  the 
height  of  the  tower,  or  about  30  feet,  and  the  net  result  is  the 
same  as  if  the  tower  had  been  located  on  the  ground  level. 

The  plans  for  the  completed  station  contemplate  a  total  cajjacity 
of  5,000  K.  w.  There  are  at  present,  however,  installed  in  the  station 
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but  two  engines,  one  of  750  h.  p.  and  the  other  of  1,500  h.  p. 
capacity.  These  engines  are  of  the  cross  compound  marine  type 
of  massive  design  and  run  at  a  speed  of  150  r.  p.  m.  They  are 
expected  to  develop  an  indicated  horse  power  hour  on  less 
than  14  pounds  of  water.  Each  engine  is  designed,  however, 
to  stand-  a  continuous  overload  of  100  per  cent.  This  will  be 
developed  by  means  of  admitting  high  pressure  steam  directly 
into  the  low  pressure  cylinder.  The  conditions  under  which  it 
is  expected  to  operate  the  engines  in  this  manner  will  be  referred 
to  later.  The  cylinders  are  placed  side  by  side,  each  piston 
acting  upon  a  sepamte  crank.  Between  the  cylinders  is  located 
the  receiver  which  is  provided  with  copper  reheating  coils.  The 
high-pressure  cylinder  is  steam- jacketed  on  the  barrel,  and  both 
cylinders  have  a  steam-jacket  on  the  heads.  Both  receivers  and 
cylinders  are  protected  with  a  non- conducting  covering  over 
which  there  is  a  steel  jacket  held  in  place  by  bands.  Each  engine 
is  provided  with  a  heavy  fly  wheel  located  in  the  center  of  the 
frame  between  the  cylinders.  The  throttle- valve  is  of  the  flanged 
lever  type  and  is  operated  from  the  starting  platform.  The 
speed  is  regulated  l)y  a  shaft  governor  operating  an  eccentric  con- 
nected to  the  cut  oflf  valves  of  the  high-pressure  cylinder,  and  in 
addition  to  this  governor,  each  engine  is  provided  with  an  addi- 
tional automatic  safety-valve,  designed  for  the  protection  of  the 
engine  in  case  the  speed  should  be  abnormally  increased  for  any 
reason.  The  engines  also  have  a  speeding  device  attachment  by 
means  of  which  they  may  be  brought  to  the  same  rate  of  speed 
under  frictional  load  as  under  full  load. 

The  engines  are  directly  connected  to  three  500  k.  w\  genera- 
tors and  two  50  k.  w.  boosters.  These  dynamos  are  of  the  multi- 
polar type  with  ironclad  bar  wound  armatures.  Provision  is 
made  for  eliding  the  field  casting  j)arallel  with  the  shaft  a 
suflicient  distance  to  allow  the  field  coils  to  be  removed  and  the 
armatures  reached  for  repairs.  The  brush  holders  are  carried  in 
a  circular  iron  frame,  arranged  to  be  moved  by  means  of  a 
threaded  rod  and  a  hand-wheel,  so  that  the  position  of  the 
hrushes  may  be  adjusted.  An  additional  hand-wheel  is  provided 
for  lifting  the  brushes  from  the  commutator. 

The  engines  and  generators  are  connected  by  means  of  the 
'*  Arnold  System  "  This  system  of  power  station  design  is  well 
known,  but  its  application  to  this  particular  station  will  l)e  of 
interest.  The  general  idea  of  the  system  is  to  improve  upon 
the  usual  direct-connecte<l  unit  principle  by  mounting  each  gener- 
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tor  in  such  a  manner  that  it  can  be  operated  by  more  than  one 
engine.  Fig.  2  shows  partly  in  cross-section  and  partly  in  ele- 
vation, the  line  of  engines  and  generators  as  they  will  eventually 
appear  as  the  output  of  the  station  is  increased.  Three  engines 
are  shown,  the  capacity  of  the  center  engine  being  1,500  h.  p.  and 
double  that  of  either  end  engine.  Each  of  the  four  large  gen- 
erators is  rated  at  500  k.  w.  while  each  of  the  small  central  dyna- 
mos, shown  located  between  the  larger  machines,  is  a  low- volt- 
age booster  of  50  k.  w.  capacity.  Thecentml  engine  therefore  has  a 
capacity  sufficient  to  operate  two  of  the  generators  when  running 
at  its  most  economical  load,  while  either  end  engine  is  pro- 
2>ortioned  to  supply  but  one  generator  with  power  under  normal 
working  conditions.  The  use  of  the  boosters  in  this  plant  is  in- 
cidental, and  occurs  at  periods  of  light  loads  only,  so  that  no  ad- 
ditional engine  capacity  over  that  demanded  by  the  main  gener- 
ators is  required  for  their  operation.  Under  all  ordinary  running 
conditions  the  units  of  this  plant  are  manipulated  as  usual,  an 
effort  being  made  to  vary  with  the  load  the  number  of  engines 
running,  so  as  to  keep  those  in  operation  at  any  one  time  work- 
ing as  nearly  as  possible  at  their  rated  capacity.  In  this  respect 
the  operation  of  the  plant  follows  general  practice.  In  a  station 
containing  independently-direct-connected  units,  however,  if  any 
piece  of  the  generating  machinery  gets  out  of  order,  it  disables 
the  entire  unit  and  thus  the  commonly  accepted  principle  which 
underlies  the  selection  of  the  size  and  number  of  units  for  a 
direct-connected  station  is  to  have  in  reserve  and  always  ready  to 
be  put  into  immediate  service,  engine  and  generator  capacity 
sufficient  to  take  the  place  of  the  largest  single  unit  in  operation. 
Thus,  with  a  station  containing  five  generating  units  of  equal 
size,  the  station  capacity  which  may  be  safely  relied  upon  is  the 
combined  output  of  but  four  of  the  units,  the  fifth  unit  being 
either  held  in  reserve  or  undergoing  repairs.  An  additional  in- 
vestment of  ^5  per  cent,  in  station  equipment  over  that  actually 
required  by  the  demands  of  the  service  is  necessary,  therefore, 
in  this  case,  in  order  to  ensure  reliability.  Where  less  than  five 
independent  units  are  required,  the  percentage  of  the  investment 
which  may  be  charged  up  to  the  account  of  reliability  is  increased. 
Thus,  with  three  units,  the  reserve  is  seen  to  require  an  invest- 
ment of  50  per  cent,  over  that  actually  needed  by  the  demands 
of  the  service.  It  has  already  been  pointed  out  that  one  of  the 
greatest  drawbacks  to  central  station  work  is  the  amount  of 
equipmant  which  must  be  provided  in  order  to  take  carj  of  the 
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occasioual  niaximuni  demand.  When  to  this  burden  is  added  a» 
additional  investment  of  from  25  to  50  per  cent,  in  order  to  se- 
cure reliability,  it  is  easily  seen  that  the  earning  capacity  of  tlie 
station  may  be  seriously  utfected.  One  of  the  advantages  of  the 
"A  mold  system  "  of  power-station  construction  is  that  the  extra  re- 
serve nnit  is  nut  required.  £Bch  generator  is  nnt  rigidly  connected 
to  its  corresponding  engine  but  is  mounted  in  such  u  manner  that  it 
may  be  operated  by  more  than  one  prime  mover.   Thus  in  Fig.  2, 


■  Fig,  4.— Detail  of  Magnetic  Clutch. 

the  central  engine  may  run  eitlier  one  or  all  four  of  the  generators  n* 
well  B£  the  two  boosters,  wliile  the  ^inalter  end  engines  can  reach 
either  or  botli  of  two  generators  and  also  one  booster. 

The  method  of  mounting  and  connecting  the  dynamoi-  which 
makes  this  flexible  arrangcnient  possible  is  shown  more  clearly 
by  Fig.  3.  Each  generator  armature  is  mounted  on  a  hollow- 
shaft  or  qnill  4,  which  is  carried  independently  in  the  bearings  i-  ■>. 
The  booster  armature  is  attacheti  to  the  solid  shaft  k.  This  shaft 
is  made  of  forged  steel  and  extends  through  the  hollow  genera- 
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tor  quills  but  without  touching  them,  so  that  it  is  free  to  revolve 
in  the  bearings  d.  It  is  by  means  of  this  shaft  that  any  engine 
can  reach  the  generators  not  contiguous  to  it,  but  under  all  nor- 
mal operating  conditions,  this  shaft  does  not  turn,  so  that  this 
system  of  connecting  involves  no  more  friction  and  requires  no 
Hjore  lubrication  than  the  ordinary  arrangement.  The  coupling 
on  the  end  of  the  shaft  permits  of  three  combinations  :  the  en- 
gine may  be  directly  connected  with  the  quill  of  the  adjacent 
generator  allowing  the  interior  shaft  to  remain  idle;  or  the  solid 
shaft  may  be  attached  to  either  the  engine  flange  or  to  the  gen- 
erator quill,  the  latter  two  combinations  allowing  the  transfer  of 
power  peculiar  to  this  system. 

The  coupling  or  clutch  is  of  particular  interest  as  it  is  said  to 
be  the  first  magnetic  clutch  applied  upon  a  large  scale  to  power 
station  work.  P'ig.  4  shows  a  cross-section  detail  of  this  clutch. 
One  part,  b,  is  bolted  to  the  engine  flange,  n.  A  corresponding 
part,  D,  is  bolted  to  the  generator  quill,  h,  and  this  part  carries  an 
annular  armature,  a.  Kadial  arms  f,  keyed  to  the  solid  shaft  o, 
carry  an  interior  armature  (\  Each  coupling  is  provided  with 
five  circular  coils  of  magnet  wire  o,  f,  y,  k  and  s.  These  coils  are 
electrically  connected  to  contact  rings  .?,  k  and  l,  carried  on  insu- 
lating bushings  bolted  to  the  hubs  of  the  clutch.  Stationary 
brushes  which  are  connected  through  a  system  of  switches  to  the 
storage  battery  omnibus  bars  make  it  possible  to  send  a  current 
around  any  coil.  The  parts  of  the  clutch  containing  the  coils  are 
made  of  cast-steel  of  high  permeability  so  that  when  a  current  is 
sent  around  any  coil,  the  surrounding  metal  becomes  a  magnet 
and  the  armature  facing  the  coil  is  immediately  magnetically 
attracted.  The  two  surfaces  of  the  clutch  parts  being  held  in 
contact  by  a  pressure  of  at  least  80  pounds  per  square  inch,  it  be- 
comes possible  to  transmit  power  from  one  to  the  other.  Thus 
to  connect  engine  shaft  n  to  generator  quill  h,  a  current  is  sent 
through  coil  o  in  that  part  of  the  clutch  b  attached  to  the  engine 
shaft.  Armature  a  which  is  attached  by  means  of  strong  studs  to 
that  j)art  of  the  clutch  h  which  is  securely  bolted  to  the  generator 
rjuill,  is  iujmediately  attracted  and  overcoming  the  small  resist- 
ance of  the  spring  i,  the  two  parts  become  firmly  attached  to 
each  other,  making  it  possible  to  run  the  generator  from  the  en- 
gine. If  it  is  desired  to  revolve  the  interior  shaft  by  means  of 
the  engine,  the  current  is  sent  through  coils  p  and  q  in  parallel, 
attracting  armature  o,  while  if  the  solid  shaft  is  being  turned  by 
the  other  engine  and  it  is  desired  to   connect  the  shaft  to  the 
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generator  quill,  tlien  the  coils  k  and  s  are  energized  and  the  ar- 
mature c  ia  attracted  in  the  other  direction.  The  circuits  to  these 
coils  are  all  controlled  by  means  of  switches  on  the  main  switch- 
board. These  switches  are  so  arranged  that  when  the  circuit  of 
any  coil  is  broken,  the  discharge  of  the  extra  current  is  taken  up 
through  a  carbon  resistance,  and  the  insulation  of  the  coil  is 
therefore  protected  from  the  liabitity  to  puncture.  When  the 
current  in  any  coil  is  discontinued,  spiral  springs  have  been  pro- 
vided to  overcome  the  residual  magnetism  and  bring  the  armature 
back  to  its  original  position. 

If  both  parts  of  the  clutch  which  are  to  be  connected  are  station- 
ary, the  connection  becomes  an  easy  matter,  but  if  one  part  is  re- 
volving, it  becomes  necessary  to  put  the  other  part  in  motion  be- 
fore the  current  is  sent  through  the  coils.  This  is  accomplished 
by  starting  the  dynamos  as  motors  and  bringing  them  up  to  speed 
before  closing  the  magnet  coil  switch.  For  this  purpose,  regular 
starting-boxes  have  been  installed,  one  for  the  boosters  and  the 
other  for  the  generator**,  so  that  any  machine  may  be  thrown  in- 
to or  out  of  service  directly  from  the  switchboard.  The  result 
of  the  whole  arrangement  is,  that  a  number  of  combinations  be- 
tween the  engines  and  the  generators  becomes  possible.  Under 
all  normal  running  conditions,  the  center  engine  will  run  its  two 
adjacent  geiierators  and  the  outside  engines  will  operate  the  end 
generators.  Each  booster  may  be  run  when  necessary,  from 
either  of  two  engines.  The  entire  line  of  machinery  may  be  con- 
nected together,  so  that  all  the  engines  and  generators  operate  in 
unison  as  one  large  unit,  the  speeding  attachment  on  the  engines 
making  it  possible  to  operate  them  satisfactorily  in  this  manner. 

In  case  of  accident  to  any  generator,  that  particular  machine 
may  be  stopped  without  stopping  its  corresponding  engine,  and 
the  electrical  load  will  be  immediately  taken  up  by  the  other  gen- 
erators, but  without  overloading  the  engines.  In  case  of  accident 
to  any  engine,  the  ability  of  the  other  engines  to  carry  an  over- 
load of  loo  per  cent,  may  be  taken  advantage  of,  if  necessary, 
without  overloading  any  of  the  generators.  Thus  the  center  en- 
gine is  capable  of  carrying  all  four  of  the  generators  fully  loaded 
while  the  smaller  end  engines  can  o[)erate  two  of  the  generators, 
if  necessary,  in  case  of  a  break-down  on  the  larger  engine.  The 
plant  may,  therefore,  operate  at  period  of  maximum  load,  at  its 
full  rated  capacity,  depending  entirely  upon  the  advantages  of 
the  system  of  arrangement  for  a  reserve  in  case  of  accident 
to  any  part  of  the  equipment. 
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The  flexibility  and  the  reliability  of  the  system  may  be  compared 
to  that  of  a  belted  plant  and  this  has  been  secured  without  the  use 
of  an  unsightly  arrangement  of  belts  or  the  complicated  system  of 
levers  and  pivots  necessarily  connected  with  mechanical  clutches. 
The  advantages  of  the  belted  plant  have  thus  been  combined  with 
the  advantages  of  economy  and  compactness  of  the  direct-con- 
nected plant  and  many  of  the  disadvantages  of  both  arrangements* 
have  been  eliminated. 

All  the  variable  speed  motors  operating  the  auxiliary  equip- 
ment of  the  plant  are  designed  to  run  at  two  voltages,  the  maxi- 
mum being  440  volts,  and  the  other  voltage  being  one-half  the 
maximum.  Further  speed  regulation  is  obtained  by  changing 
the  field  excitation  by  means  of  a  small  resistance  in  the  field  cir- 
cuits. The  use  of  armature  resistance  is  thus  entirely  done  away  with. 
A  switchboard  containing  the  switches  and  controlling  apparatus 
for  the  pumps  and  fan  motors  has  been  plac(Bd  conveniently  in 
the  boiler-roojfi  and  another  auxiliary  board  has  been  placed  in 
the  engine-room  to  control  the  circulating  pump  and  cooling- 
tower  motors  as  well  as  the  circuit  leading  to  the  crane  which 
spans  the  engine-room.  The  use  of  economically  controlled 
electric  motors  for  running  the  pumps,  fans  and  other  auxiliaries 
of  the  plant  is  expected  to  result  in  a  considerable  saving  of  fuel. 

The  storage  battery  is  located  in  the  basement  and  has  a  capa- 
city of  2,000  ampere-hours  at  the  normal  rate  of  discharge,  but 
is  capable  of  standing  a  discharge  at  the  rate  of  500  k.  w.  for 
one  hour.  The  station,  therefore,  as  it  now  stands,  can  carry  a 
maximum  of  2,000  k.  vv.,  three  (juarters  of  which  can  he  taken 
care  of  by  the  generators,  and  the  remaining  (quarter  being  sup- 
plied by  the  battery.  The  battery  consists  of  280  cells,  100  of 
which  are  end  or  regulating  cells,  by  means  of  which  the  poten- 
tial may  be  varied,  the  voltage  depending,  of  course,  upon 
the  number  of  cells  in  circuit. 

Fig.  5  shows  a  diagram  of  the  electrical  connections  of  the 
station.  The  generators  are  com  pound- wound,  but  are  so  designed 
that  they  will  give  a  potential  of  500  volts  with  shunt  excitation 
only,  as  it  is  desirable  when  operating  with  storage  batteries  to 
run  the  generators  as  shunt  dynamos.  An  extra  switch  has  been 
added  therefore  to  each  generator  panel  which  is  used  to  cut 
out  the  series  winding  and  connect  the  equalizer  lead  directly  to 
to  the  positive  omnibus  bar.  Referring  to  the  diagram  :  when 
switches  i\  and  8  are  closed,  and  7  and  9  are  open,  the  generator 
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is  running  as  a  straight  shunt  macliine,  wliile  with  i\  and  U  closed, 
but  with  8  open,  the  dynamo  is  connected  to  the  omnibus  bars 
as  a  compound  generator,  and  may  be  thrown  in  multiple  with 
the  other  dynamos  of  the  plant  hy  closing  ecjualizing  switch  7. 

When  starting  up  a  dynamo,  the  shunt  fields  are  excited 
directly  from  the  omnibus  bars  through  a  special  field  switch- 
When  the  generator  is  taken  out  of  service,  this  field  switch  is 
automatically  opened,  leaving  the  Held  coils  coimected  as  in  a 
shunt  machine,  and  thus  avoiding  the  discharge  of  the  coils. 

The  switchboard  is  a  double  potential  board  so  that  the  feeders 
extending  to  the  outlying  districts  of  the  territory  may  be  supplied 
with  current  at  a  higher  potential  than  the  shorter  feeders.  All 
switches  on  the  generator  and  feeder  panels  are  arranged  so  that 
when  thrown  up  they  connect  with  the  high  potential  omnibus 
bars,  and  when  thrown  down,  they  connect  with  the  low  potential 
bars.  All  positive  switches  are  placed  on  the  right  of  the 
panels. 

The  battery  is  connected  in  two  independent  parts  and  is  pro- 
vided at  each  of  the  two  outside  ends  with  two  end-<»ell  switches. 
These  end-cell  switches  may  be  connected  through  suitable  knife 
switches  to  either  the  *'  high ''  or  to  the  '*  low  ''  omnibus  bars  or 
to  a  charging  bar.  Combinations  of  switches  numbered  on  the 
diagram  (Fig.  5)  from  16  to  22,  allow  the  boosters  to  be  connected 
l>etween  either  bar  and  also  to  the  charging  bar.  The  boosters  in 
the  plant  are  used  to  charge  the  batteries  when  it  is  desired  to 
give  them  a  heavier  charge  than  they  would  ordinarily  receive 
when  working  in  parallel  across  the  mains  at  the  regular  voltage. 
Without  in  any  way  interfering  with  the  performance  of  the 
battery  as  an  equahzer  across  the  system,  the  lH>osters  can  be 
placed  in  series  with  the  batteries  and  thus  any  amouut  of  cur- 
rent can  l>e  forced  through  the  cells.  The  condition  for  this  op- 
eration occurs  at  periods  of  light  demand  upon  the  station,  which 
is  the  time  the  battery  can  be  most  econominally  charged.  The 
voltage  of  the  boosters  ranges  from  0  to  130  volts.  The  two 
boosters  may  be  placed  in  series  and  can  thus  l)e  substituted  for 
either  leg  of  the  battery,  allowing  the  replaced  half  of  the  bat- 
tery to  either  accumulate  an  extra  charge  in  case  the  two  sides  of 
the  system  have  become  so  badly  unbalanced  as  to  have  discharged 
one  side  of  the  battery  excessively,  or  the  replaced  portion  of  the 
battery  may  be  entirely  cut  out  for  repairs.  In  fact,  the  bdosters 
may  take  the  place  of  the  entire  battery  if  necessary,  acting  as  an 
equalizer  across  one  leg  of  the  system,  giving  or  taking  current, 
as  occasion  requires. 

The  switchboard  consists  of  eleven  panels  of  black  enamelled, 
polished   slate.     The  three  generator  panels  are  each   pr.»vided 
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with  the  U8ual  complement  of  switches,  a  rheostat,  a  cutting-in 

Silvanometer,  a  circuit-breaker,  an  ammeter,  and  a  voltmeter, 
ne  booster  panel  and  two  batterj  panels  are  necessary  for  the 
manipulation  of  the  battery  auxiliary.  The  battery  panel  is  pro- 
vided with  hand-control  wheels  which  connect  to  the  end-ce)) 
switches  so  that  the  potential  of  the  battery  can  be  charged  from 
the  front  of  the  board.  It  is  also  possible  to  operate  each  end- 
cell  switch  by  means  of  a  small  motor  directly  attached  to  the 
switch  spindle.  This  motor  is  controlled  by  a  push  button  on  the 
front  of  the  battery  board,  and  an  indicator  shows  how  many  cells 
are  in  service  at  any  time.  Low-reading  voltmeters  and  volt- 
meter switches  allow  the  potential  of  the  end  cells  to  be  ascer- 
tained conveniently  from  the  front  of  the  board.  A  wattmeter 
panel  contains  four  station  wattmeters  which  register  the  total 
output  of  the  plant.  Three  feeder  panels  are  at  present  employed 
to  distribute  the  current,  and  these  panels  each  contain  six  feeder- 
switches  and  six  corresponding  ammeters.  A  regulating  voltme- 
ter panel  is  located  at  the  end,  and  at  right  angles  to  the  rest  of 
the  board  in  a  position  where  it  can  be  easily  seen  by  the  switch- 
board attendant. 

The  design  of  this  station  has  been  described  to  show  the  latest 
solution  worked  out  by  conservative  engineers  of  the  problem  of  the 
generation  and  distribution  of  electrical  energy.  It  is  thought  to  be 
of  interest  because  it  presents  a  combination  of  the  following  widely 
discussed  features  of  modern  central  station  practice  :  (1)  Im- 
proved furnaces  ;  (2)  Water-tiibe  boilers ;  (3)  Mechanical  draft ; 
(4)  Fuel  economizers;  (5)  Electrically-driven  auxiliaries;  (6) 
Cooling-tower  condensing  system  ;  (Y)  Arnold  system  of  power 
fitation  construction ;  (8)  Battery  auxiliary ;  (9)  Combined  light- 
ing and  power  distributing  system  ;  (10)  220-volt  lamps. 

Discussion. 

In  answer  to  I^rof.  F.  H.  Crocker's  criticism  of  the  reduction 
of  the  necessary  reserve  capacity  by  the  Arnold  coupling  system, 
Mr.  B.  J.  Arnold  explained  that  there  is  no  such  reduction  in 
generators,  but  that  the  engines  are  so  made  that  they  can  run 
at  100  per  cent,  overload  by  using  live  steam  in  both  high  and 
low-pressure  cylinders,  and  the  necessity  of  an  engine  reserve  is 
thus  done  away  with.  This  effect  could  not,  of  course,  be 
obtained  with  ordinary  direct-coupled  units,  as  the  generator 
would  not  stand  the  overload. 

Replying  to  a  criticism  by  Mr.  Steinmetz  on  the  difticultv  of 
aligning  such  a  long  shaft,  Mr.  Arnold  said  that  each  shaft  or 
<|Uillis  supported  in  but  two  bearings,  and  only  when  they  ai*e 
coupled  together  is  there  any  likelihood  of  difficulty,  and  then 
but  little,  as  the  coupling  arrangements  give  some  radial 
flexibility. 

In  case  of  a  hot  bearing  in  the  middle  of  the  line,  Mr.  Arnold 
stated  that  the  boxes  are  readily  removable  without  disturbing 
the  shaft  and  that  they  are  all  water  jacketed. 
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SOME  PHASES  OF  THE  RAPID  TRANSIT  PROBLEM. 
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The  rapid  transit  problem,  in  congested  districts,  has  to  deal 
with  the  transportation  of  j)as8engerK  at  a  high  average  speed 
with  frequent  stops,  and  even  in  nuburhan  traffic  where  the  stops 
are  less  frequent,  the  schedule  speeds  have  been  so  increased  by 
tlie  ability  of  the  electric  motor  to  accelerate  rapidly,  that  trains 
hardly  reach  full  speed  before  it  is  necessary  to  apply  the  brakes. 
As  running  at  a  constant  speed  does  not  occnr  in  rapid  transit 
service  where  sto[)s  arc  at  all  frequent,  it  becomes  of  the  greatest 
importance  to  carefully  investigate  the  subject  of  train  accelera- 
tion in  order  to  determine  the  method  of  running  a  train  from 
station  to  station  witli  the  least  expenditure  of  energy. 

Problems  in  train  a(!celeration  may  be  divide<l  into  two  broad 

<-1hsscs:   1. — Where  the  road  is  level  and 

2. — Where  gravies  exist  or  where  an  artificial   profile  is  made 

in  order  to  take  advantage  of  down  grades  at  starting. 

Modern  passenger  cars  demand  a  dead  weight  of  ap])roximately 
r>r)0  lbs.  for  each  passenger  carried,  or,  in  other  words,  only  20 
per  cent,  of  the  total  weight  of  a  loaded  motor  car  is  a  paying 
load.  When  it  is  considered  that  in  rapid  transit  service  with 
fre<juent  stops,  over  80  per  cent,  of  the  total  energy  output  of 
the  motive  power  on  level  roads  is  required  to  accelerate  the 
train,  it  is  evident  that  in  this  class  of  service  the  rolling  stock 
rerpiires  the  greatest  attention. 

To  avoid  undue  c( implication,  the  foUowing  discussion  has  as- 
sumed that  train  friction  is  a  constant  quantity  at  all  speeds,  as 
at  the  low  maximum  speeds — :i(»  to  l^O  miles  per  hour —  reached 
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in  practice  with  frequent  stops  of  two  or  more  per  mile,  the 
error  introduced  by  assuming  a  coiiBlatit  friction  rate  will  be 
small  and  will  not  at  all  alter  the  concluBione  arrived  at. 

The  following  constantB  have  been  aseunied  as  reprusentJng 
arerage  operating  conditions : 

Length  of  run,  2000  feet. 

T.ength  of  time  train  ie'iu  motion,  75  seconds. 

Schedule  speed,  16.05  miles  per  hour,  including  lO-second 
stops,  or  85  seconds  total  time. 


Fig.  1. — Acceleration  Curves. 

Pi^tAnce.   2.000  reet.      Time,   76  second 8.      Tractive  Effort.    100  lbs.  per  Ion. 

Friction,  15  Ibn.  per  ton.      Braking  Effort,  150  Ib;^,  per  ton. 

Tractive  effort,  100  lbs.  per  ton  total,  to  he  maintained  uniform 

(luring  acceleration  of  the  train. 
Braking  effort,  150  lbs.  per  ton  constant  throughout  the  period 

of  braking. 
Tlie  train  friction  being  1.")  Ilw.  per  ton,  reduces  the  effective 
accelerating  force  from   K"'  to  85  lbs.  per  ton,  correB]x»nding  to 
H  rate  lA  .92"  niilec  per  lionr  per  second. 
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With  this  data  a  simple  acceleration  curve,  as  in  Fi^.  1.,  may 
be  calculated,  the  train  reaching  a  maximum  speed  of  28  miles 
per  hour  in  80  seconds,  when  power  is  shut  off  and  the  train 
allowed  to  coast  with  a  retardation  due  to  friction  of  .I(>35  miles 
per  hour  per  second  for  31  seconds  to  the  braking  line,  when  it 
is  retarded  at  a  uniform  rate  of  1.635  miles  per  hour  per  8ec<md 
and  comes  to  rest  in  75  seconds  from  time  of  starting. 

Owing  to  the  greater  efficiency  of  the  run,  the  train  is  allowed 
to  coast  after  reaching  its  maximum  speed  rather  than  to  allow 
it  to  continue  at  a  uniform  speed  with  just  sufficient  power  sup- 
plied to  overcome  the  train  friction  loss. 

It  is  obvious  that  the  train  could  be  accelerated  at  a  different 
rate  than  that  corresponding  to  85  lbs.  per  ton  and  still  make  the 
same  length  of  run  in  the  same  time,  the  length  of  time  occupied 
in  coasting  depending  upon  the  rate  of  acceleration,  being  a 
maximum  with  an  infinite  rate,  that  is,  with  the  train  starting 
with  a  certain  initial  velocitv.  A  minimum  rate  of  acceleration 
is  reached  when  no  time  is  left  for  coasting,  that  is,  when  brakes 
are  applied  as  soon  as  power  is  shut  off. 

In  Fig.  2  such  a  set  of  curves  has  been  prepared  showing  a 
train  covering  a  distance  of  2000  feet  in  75  seconds,  as  before, 
but  accelerating  at  various  rates  from  that  corresponding  to  62.8 
lbs.  per  ton  as  a  minimum  up  to  an  infinite  rate,  or  starting  with 
an  initial  velocity  of  25.2  miles  per  hour. 

As  the  area  enclosed  by  time  as  abscissa?  and  speed  as  ordinates 
represents  the  distance  covered,  this  will  be  a  constant  quantity 
for  the  fixed  distance  of  2000  ft.  assumed,  and  curves  of  Fig.  2 
are  thus  constructed  with  the  same  enclosed  area  for  each  rate  of 
acceleration.  The  fact  is  plainly  brought  out  that  with  a  low 
rate  of  acceleration  a  much  higher  maximum  speed  is  demanded 
than  would  l)e  the  case  if  the  rate  had  been  increased,  and  a 
curve  may  be  plotted  by  joining  the  maximum  speeds  reached 
for  different  accelerating  rates,  as  shown. 

A  friction  of  15  lbs.  per  ton  has  been  chosen  as  being  that  of 
an  average  train  composed  of  a  motor  car  and  three  or  four  trail- 
ers and  weighing  about  120  tons.  With  heavier  and  longer  trains 
this  rate  may  be  reduced  to  as  low  as  7  or  8  lbs.  per  ton,  while 
for  a  motor  car  alone,  the  rate  may  be  as  high  as  30  lbs.  ])er  ton, 
due  to  friction  of  motors  and  gearing.  The  braking  effort  of  150 
lbs.  per  ton  is  also  chosen  as  representing  what  ean  be  done  on 
an  average  by  a  train  ecjuipped  with  air  brakes  and  operating  at 
half  the  slipping  coefficient  of  the  wheels. 
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in  practice  with  frequent  Btope  of  two  or  more  per  mile,  the 
error  iotrodnced  by  asBUming  a  constant  friction  rate  will  be 
•mail  and  will  not  at  all  alter  the  conclusions  arrived  at. 

Tlie  following  conetantB  have  been  aesunied  as  reprcsentinf^ 
average  operating  conditions : 

Length  of  run,  2000  feet. 

I>ength  of  time  train  is  in  motion,  75  Beconds. 

Schedule  speed,  16.0&  miles  per  hour,  including  10-second 
stops,  or  85  seconds  total  time. 


TIME  IN  SECONDS 


Fio.  1. — Aeeelerfttion  Ciirren. 

DiiUnce,   2,000  reet.      Time.   75  seconds.      Tractive  EITorl,    100  lbs,  per  ton. 

Friction.  15  Ibp.  per  ton.      Braking  Effort.  ISO  lb",  per  ton. 

Tractive  effort,  100  II*.  per  ton  total,  to  lie  maintained  uniform 

during  acceleration  of  the  train. 
Braking  effort,  150  lbs.  jH-r  ton  constant  throuj;]iont  the  period 

of  braking. 
The  train  friction  being  I.')  11)6.  per  ton,  redncef  the  effective 
accelerating  force  from   liHi  to  !>5  Ibb.  per  ton,  corresponding  to 
a  rate  of  .9^7  iiiilci^  )>er  honr  per  second. 
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With  tliifl  data  a  simple  acceleration  curve,  as  in  Fi^.  1.,  may 
be  calculated,  the  train  reaching  a  maxinuini  8f>eed  of  28  miles 
per  hour  in  80  seconds,  when  power  is  shut  off  and  the  train 
allowed  to  coast  with  a  retardation  due  to  friction  of  .If>85  miles 
per  honr  per  second  for  81  seconds  to  the  braking  line,  when  it 
is  retarded  at  a  uniform  rate  of  1.635  miles  per  hour  per  8ec<md 
and  comes  to  rest  in  75  seconds  from  time  of  starting. 

Owing  to  the  greater  efficiency  of  the  run,  the  train  is  allowed 
to  coast  after  reaching  its  maximum  speed  rather  than  to  allow 
it  to  continue  at  a  uniform  speed  with  just  sufficient  power  sup- 
plied to  overcome  the  train  friction  loss. 

It  is  obvious  that  the  train  could  be  accelerated  at  a  different 
rate  than  that  corresponding  to  85  lbs.  per  ton  and  still  make  the 
same  length  of  run  in  the  same  time,  the  length  of  time  occupied 
in  coasting  depending  upon  the  rate  of  acceleration,  being  a 
maximum  with  an  infinite  rate,  that  is,  with  the  train  starting 
with  a  certain  initial  velocitv.  A  minimum  rate  of  acceleration 
is  reached  when  no  time  is  left  for  coasting,  that  is,  when  brakes 
are  applied  as  soon  as  power  is  shut  off. 

In  Fig.  2  such  a  set  of  curves  has  been  prepared  showing  a 
train  covering  a  distance  of  2000  feet  in  75  seconds,  as  before, 
but  accelerating  at  various  rates  from  that  corresponding  to  62.8 
lbs.  per  ton  as  a  minimum  up  to  an  infinite  rate,  or  starting  with 
an  initial  velocity  of  25.2  miles  per  hour. 

As  the  area  enclosed  by  time  as  abscissjv  and  speed  as  ordinates 
represents  the  distance  covered,  this  will  be  a  constant  quantitv 
for  the  fixed  distance  of  2000  ft.  assumed,  and  <?urves  of  Fig.  2 
are  thus  constructed  with  the  same  enclosed  area  for  each  rate  of 
acceleration.  The  fa<».t  is  plainly  brought  out  that  with  a  low 
rate  of  acceleration  a  much  higher  maximum  speed  is  demanded 
than  would  l>e  the  case  if  the  rate  had  been  increased,  and  a 
curve  may  be  plotted  by  joining  the  maximum  speeds  reached 
for  different  accelerating  rates,  as  shown. 

A  friction  of  15  lbs.  per  ton  has  been  chosen  as  being  that  of 
an  average  train  composed  of  a  motor  car  and  three  or  four  trail- 
ers and  weighing  about  120  tons.  With  heavier  and  longer  trains 
this  rate  may  be  reduced  to  as  low  as  7  or  8  lbs.  per  ton,  while 
for  a  motor  car  alone,  the  rate  may  he  as  high  as  80  lbs.  per  ton, 
due  to  friction  of  motors  and  gearing.  The  braking  effort  of  150 
lbs.  per  ton  is  also  chosen  as  representing  what  can  be  done  on 
an  average  by  a  train  equipped  with  air  brakes  and  operating  at 
half  the  slipping  coefficient  of  the  wheels. 
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It  ie  adviaable  in  rapid  transit  service  to  keep  the  i 
■peed  reached  by  the  jtrainG  ae  low  an  possible,  as  this  clafb  of 
work  generally    fslln  for  a  cliort  time-interval   lietween  trainH 


TIME  IN  SECONDS 

Pio,  3. — Speed  and  Energy  Curves. 

DUUnce,  Z,000  feet.    Time.  71  KacotuU.     Friction.  10  \b».  per  Con.    Brakiiii: 

Effon,  lEil  Ihs.  per  Ion. 

where  the  nttiiost  precautions  are  necessary  to  keep  the  trainx  » 
safe  distance  apart.  In  fact,  the  ninxiiiiiini  speed  retjuired  fur  a 
given  run  praoticallv  detenninew  the  timc-intcrvHl  lielween  trnins. 
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at>  the  train  headway  should  be  at  least  iive  or  six  times  the 
length  of  time  required  to  bring  a  train  to  rest  from  its  maximum 
speed  with  normal  braking  force  applied. 

A  second  reason  for  higher  rates  of  acceleration  lies  in  the 
fact  that  with  rates  of  acceleration  approaching  tlie  minimum  no 
margin  is  left  for  errors  of  judgment  of  the  mbtorman,  as  little 
or  no  time  is  left  for  coasting,  and  the  rate  of  acceleration  j>er 
ampere  input  is  continually  varying  with  the  changing  passenger 
load  and  hence  with  an  overload  it  becomes  difficult  to  maintain 
schedule  speed. 

A  third  and  most  important  objection  to  the  use  of  a  low  i*ate 
of  acceleration  lies  in  the  saving  of  energy  for  the  run  by  the 
use  of  a  higher  rate. 

Neglecting  I^  Ji  and  core  losses  of  the  motors,  a  set  of  energy 
input  curves  per  ton  weight  of  train  may  be  plotted  as  in  Fig.  2, 
assuming  for  simplicity  that  motors  are  series  wound,  operate  all 
in  multiple  and  are  so  geared  that  starting  resistance  is  entirely 
cut  out  at  the  various  maximum  speeds  reached  in  the  various 
runs,  that  is,  that  no  accelerating  is  done  on  the  motor  curve.  X 
constant  im|)ressed  k.  m.  f.  is  assumed,  and  j^tarting  resistance  is 
supposed  to  be  cut  out  proportional  to  the  motor  speed,  thereby 
keeping  the  current  and  torque  constant. 

Thus  it  is  seen  that  accelerating  a  train  with  the  minimum 
rate  calls  for  the  highest  maximum  speed,  demands  nearly  the 
least  current  input  and  also  demands  the  greatest  waste  of 
energy  in  the  brakes,  as  the  speed  is  a  maximum  when  brakes 
are  applied. 

The  areas  enclosed  by  the  various  energy  time  curves  repre- 
sent the  comparative  amounts  of  energy  required  for  the  run  for 
the  different  rates  of  acceleration,  and  these  are  plotted  in  Fig.  2^ 
wliicli  compares  the  energy  input  and  the  average  energy  con- 
sum))!  ion  for  the  run  of  2,00(»  feet  in  75  seconds  for  all  rates  of 
jiccelcration  from  the  mininium  corresponding  to  <>:i.8  lbs.  i)er 
ton  up  to  infinity. 

For  convenience  the  average  energy  rates  ara  plotted  in  torm» 
of  watt  hours,  and  the  curve  shows  that  while  the  minimum  mte 
of  acceleration  corresponding  to  ^>2.8  lbs.  per  ton  calls  for  an 
expenditure  of  88..5  watt  hours  per  ton  weight  of  train,  this 
is  reduced  to  hi\,7>  watt  hours  by  accelerating  with  a  rate  cor- 
responding to  70  lbs.  per  ton,  to  42.7  watt  hours  with  100  lbs., 
and  final! v  reaches  a  minimum  value  of  32.r>  watt  hours  if  the 
accclcnitinji:  rate  is  ])uslied  to  infinity. 


868  ARUfSTBONO  ON  RAPID  TRANSIT.  [June  29, 

Tims  tlie  energy  required  for  the  nin  of  2,000  feet  in  75  sec- 
onds may  vary  from  83.5  to  32.5  watt  hours  per  ton  of  train 
weight,  a  cleerease  of  oveu  <>()  per  cent.,  depending  upon  the  rate 
of  acceleration  used. 

The  curves  in  Fig.  2  are  worthy  of  careful  study,  and  similar 
curves  afford  a  means  of  determining  the  proper  rate  of  accelera- 
tion and  hence  motor  equipment,  gearing,  etc.,  to  une  for  a  given 
set  of  conditions.  The  limiting  factor  in  the  more  rapid  rate  of 
acceleration  of  a  train  is  the  current  input  required.  Thus,  if 
the  rate  of  accelemtion  he  carried  to  ahnormally  high  values,  the 
local  demand  for  currei^t  hecomes  so  great  that  either  the  loss  in 
the  feeders  more  tlian  offsets  tlie  reduction  in  energy  consump- 
tion at  the  train,  or  else  tlie  interest  on  tlie  increased  feeder 
investment  is  not  offset  hy  this  energy  reductiim. 

There  are  other  limiting  fa<»tors  governing  the  rate  of  ac- 
celeration in  the  size  and  weight  of  motors,  which  are  limited 
in  the  current  they  can  carry  without  undue  sparking  and 
heating.  Thus  it  will  be  found  that  the  rate  at  which  a  train 
accelerates,  largely  determines  the  cost  of  feeders,  size  of  motors 
and  generators,  both  in  regard  to  current  and  thermal  capacity, 

and  also  fixes  the  safe  headwav  between  trains. 

< 

The  error  made  in  accelerating:  at  or  near  the  minimum  rate 
is  clearly  brought  out.  For  example,  the  current  consumption 
per  ton  is  the  same  for  f>2.8  lbs.  per  ton  or  s.^  lbs.  per  ton  ;  as, 
although  ^iS  lbs.  calls  for  tluj  greater  tractive  effort,  the  torque 
]H»r  ampere  is  so  increased  by  the  lesser  maximum  speed  demanded, 
tliat  the  current  input  is  the  same  in  each  case,  hence  the  feeder 
considerations  are  the  same  in  both  cases,  while  the  energy  con- 
sumption shows  a  reduction  from  83.5  watt  hours  per  ton  with 
r>2.8  lbs.  to  47.5  watt  hours,  or  about  half,  with  85  lbs.  per  ton. 

Iteferring  again  to  Fig.  2,  it  is  obvious  that  a  similar  set  of 
curves  may  l>e  plotted  for  a  run  of  2,000  feet  for  any  other 
length  of  time  than  75  seconds,  and  Fig.  3  gives  such  a  set  of 
curves  plotted  for  lengths  of  time  ranging  from  41  seconds,  as  a 
minimum  possible,  up  to  210  seconds.  The  minimum  time  in 
which  it  is  possible  to  make  a  run  of  given  length  is  determined 
by  the  braking  effort,  in  this  case  assumed  to  be  15(»  lbs.  per 
ton,  the  train  reaching  a  maximum  speed  of  (>r».5  miles  per  hour 
in  zero  seconds  with  an  infinite  accelerating  force,  and  being 
retarded  throughout  the  entire  running  time  of  41  seconds  at  the 
rate  of  1.635  miles  per  hour  per  second,  coiTesponding  to  a 
force  of  150  lbs.  per  ton  braking  effort. 
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Tlie  constants  usiimed  in  tliese  corvee  are  the  aanie  as  l>ef()re, 
l.'i  11)8.  per  ton  friction  rate,  and  150  lbs.  |)er  ton  hraking  effort 
applied  iiniformlj  wntil  the  ti-ain  conien  to  rent  at  n  distance  of 


if.iMKi  fi'i't  fivmi  the  stiirr.  While  the  hrekin^  effort  detertnineM 
thu  nitiiiiniini  lentrtli  of  time  for  the  run,  the  friction  rate  iin- 
jiiinei-  a  limit  upon  the  inaxininni  rate  of  aeceleratioii  |>ossil)le  for 
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lengths  of  time  greater  than  128  secondR  for  2,000  feet  run. 
That  is,  a  train  accelerating  with  an  infinite  mte  and  coasting  tlie 
entire  length  of  2,000  feet  would  come  to  rest  in  128  seconds 
with  no  energy  loss  in  the  hrakes,  and  any  longer  interval  of 
time  occupied  in  the  run  would  require  some  finite  rate  of 
acceleration  at  a  maximum.  This  is  pointed  out  in  Fig.  3,  where 
for  a  run  in  210  seconds  the  maximum  rate  of  acceleration  [mjs- 
sihle  is  .175  miles  per  hour  per  second,  corresponding  to  24  lbs. 
per  ton.  No  train  in  practice  world  require  such  a  long  time  as 
210  seconds,  nor  would  it  be  possible  to  liiake  a  run  of  2,000  feet 
in  41  seconds,  but  these  curves  have  been  carried  out  to  show 
the  limits  for  a  given  set  of  conditions. 

As  the  energy  lost  in  braking  is  proportional  to  the  square  of 
the  speed  when  the  brakes  are  applied,  the  curve  a-b,  P'ig.  3, 
being  the  locus  of  the  minimum  rates  of  acceleration,  that  is, 
with  no  coasting,  is  thus  the  curve  of  maximum  input  for  a  run 
of  2,000  feet  for  any  length  of  time.  Also  the  curve  c-n,  being 
the  locals  of  the  various  coasting  lines,  that  is,  of  no  braking 
effort,  is  .thus  the  curve  representing  the  minimum  possible 
input. 

To  compare  the  amounts  of  energy  re^juired  for  rates  of  ac- 
celeration other  than  the  maximum  and  minimum,  a  set  of 
curves  has  been  prepared  in  Fig.  4  giving  the  energy  consum|>- 
tion  for  a  run  of  2,000  feet  on  a  level  track  for  any  rate  of 
acceleration  and  for  any  length  of  miming  time,  the  constants 
being  15  lbs.  per  ton  friction  rate  and  150  lbs.  per  ton  braking 
effort.  For  convenience  in  comparison,  the  energy  consumption 
is  reduced  to  watt  hours  per  ton  mile,  and  speed  is  expressed  as 
average  speed  in  miles  per  hour  while  train  is.  in  motion  or 
equaling  schedule  s|)ee(l  if  the  train  lobos  no  time  in  stopping. 
The  dotted  curve  A-n  is  the  maxinmm  energy  curve  correspond- 
ing to  the  curve  a-h  of  minimum  mtes  of  acceleration  in  Fig.  3^ 
an<l  the  curve  (^-d  represents  the  minimum  amount  of  energy 
]>ossible  for  the  different  s|)eeds  and  is  <lescril)ed  by  an  infinite 
rate  of  accelemtion. 

The  curves  of  maxinuim  and  minimum  energy  consumption 
ap|)roach  each  other  and  coincide  at  a  speed  of  33.1^  miles  per 
hour,  corresponding  to  an  energy  consumption  of  2i)S  watt  hours 
per  ton  mile,  this  value  being  the  greatest  amount  of  energy 
that  crtn  be  expended  on  the  run  with  150  lbs?.  \yeT  ton  braking: 
effort. 
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All  energy  values  are  net,  that  is,  they  represent  the  amount 
of  energy  required  to  accelerate  the  train  plus  energy  lost  in 
overcoming  friction,  and  hence  take  no  ac*connt  of  any  losses 
occuring  in  actual  o|>eration  in  the  motors,  rheostats,  gearing, 
etc. 

Fig.  4  shows  the  economy  resulting  from  properly  proporticm- 
ing  the  accelerating  rate  to  the  schedule  speed  and  distaiu^e 
travdo<l.     For   example,  a   train    accelerating    with    a    tr;u-tive 
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Fig.  4. — Speed-Energy  runes. 
DisUiuee,  2»000  feet.      Friction,  15  lbs.  per  ton. 

rtfort  of  100  ll>8.  per  ton  and  making  20  miles  ])er  hour  average 
speed,  not  including  st^ps,  will  require  127  watt  hours  per  ton 
mile,  which  would  be  reduced  to  65  watt  hours  per  ton  mile  if 
the  tractive  effort  had  been  increased  t^  150  lbs.  per  ton,  or,  in 
otlier  words,  the  generator  capacity  would  he  but  half  as  large 
for  tlie  same  service. 

The  curve  of  HOO  lbs.  per  ton  tractive  effort  is  interesting  as 
it  represents  about  the  maximum  speed  attainable  with  modern 
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apparatus  for  a  distance  of  2000  ft.  with  the  assumed  constants 
of  friction  and  braking  effort.  Assuming  the  entire  weight 
of  the  car  to  rest  upon  drivers,  about  800  lbs.  per  ton  would  be 
available  for  traction  without  slipping  the  wheels  on  an  average 
track,  80  tliat  an  average  speed  of  2t)i  miles  per  hour  is  the  high- 
est that  could  ]>e  obtained  over  a  distance  of  2000  ft.,  not  allow- 
ing any  time  whatever  for  coasting. 

All  previous  curves  have  been  based  upon  the  assumption  that 
trains  are  allowed  to  coast  after  reaching  maximum  speed, 
and  also  that  acceleration  is  carried  on  at  a  perfectly  uniform 
rate  until  power  is  shut  off,  but  in  practice  this  assumption  may 
be  modified  somewhat,  the  starting  resistance  being  cut  out  before 
the  maximum  speed  is  reached,  and  the  latter  part  of  the  accele- 
ration carried  on  at  a  constantly  decreasing  rat«  upon  the  motor 
curve. 

Another  method  would  be  to  accelerate  at  a  constant  rate  until 
maximum  speed  is  reached,  then  continue  this  speed  constant  by 
supplying  motors  with  just  sufficient  power  to  overcome  train 
friction.  This  latter  method  of  train  acceleration,  however,  de- 
mands such  a  considerable  increase  in  the  amount  of  energy 
required  for  the  run  that  it  has  not  hitherto  been  considered. 

The  three  methods  of  acceleration  are  illustrated  in  Fig.  6, 
showing  the  three  forms  of  speed  curves,  a-a  accelerating  at  a 
constant  rate  and  coasting  after  maximum  speed  is  reached  until 
brakes  are  applied,  h-b  accelerating  at  a  constant  rate  and  con- 
tinuing at  full  maximum  speed  until  brakes  are  applied,  and  c-c 
accelerating  at  a  constant  rate  until  starting  resistance  is  cut  out 
and  further  acceleration  allowed  to  continue  at  a  constantly  de- 
creasing rate  with  constant  full  line  potential  at  motor  terminals 
until  maximum  speed  is  reached,  when  train  coasts  until  brakes 
are  applied. 

Curve  a-a  reaches  the  highest  maximum  speed  but  wastes  the 
least  energy  in  the  brakes,  and  hence  is  the  most  efficient  run 
mechanically,  curve  i-J,  the  constant  speed  method,  being  the 
least  efficient. 

As  these  three  curves  were  plotted  from  the  speed  torque 
curves  of  an  actual  motor,  it  is  instructive  to  compare  the  watt 
hours  consumed  for  each  run  with  series  parallel  control,  operat- 
ing two  motors  in  series,  then  in  multiple.  To  this  end  a  set  of 
energy  input  curves  have  been  plotted  in  Fig.  5,  showing  that 
curve  c-c  requires  the  least  maximum  energy  input,  while  curve 
a-a  requires  the  greatest  amount. 
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The  area  enclosed  by  the  energy  time  carves  ii  a  measure  of 
the  average  energy  conaumptioQ  for  each  run,  and  their  reB)>e('- 
tive  values  reduced  to  watt  hours  are: 

a.     Constant  cnrrent  and  coasting,  147  watt  hours  per  ton, 

I.    Constant  current  and  no  coasting,  160  watt  hours  per  ton. 

c.  Ooustant  current  and  acceleration  on  motor  curve,  I2tt 
watt  hours  per  ton. 


Fi'i.  5. — Speed  Curves. 

Distance.  2,000  feet.      Time,  "o  seconds.     Friction,  15  lbs.  per  ton.     Braking 

Effort,  150  lbs.  per  ton. 

Hence,  of  the  three  methods,  curve  o,  making  use  of  the  accel- 
eration duo  to  a  series  motor  curve,  not  only  requires  the  least 
maximum  current  input,  but  also  requires  the  least  average  energy 
input  to  the  motors  for  a  given  run  and  hence  is  the  form  of 
curve  used  in  the  majority  of  actnal  runs.  Although  the  energy 
given  out  by  the  motors  in  run  c  is  greater  than  in  run  a,  as  evi- 
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denced  by  the  higher  speed  at  which  brakes  are  applied,  yet  this 
«xtra  work  is  done  so  much  more  efficiently,  owing  to  the  smaller 
starting  resistance  loss,  that  the  total  watt  hours  input  be<*omes 
less. 

Whatever  form  of  acceleration  curve  be  used,  the  results  ar- 
rived at  in  Fig.  4  will  not  be  greatly  modified  if  similar  forms  of 
curves  are  compared,  and,  being  expressed  in  terms  of  actual 
work  done,  may  be  used  for  any  run  with  a  factor  expressing  the 
efficiency  of  acceleration  :  that  is,  the  ratio  of  actual  work  done 
to  the  total  energy  input. 

It  will  be  noted  that  all  curves  of  Vig,  4  approach  a  minimum 
value  of  30  watt  hours  per  ton  mile,  that  is,  the  minimum  energy 
expressed  in  watt  hours  per  ton  mile  expended  for  a  given  run 
will  be  double  the  friction  rate.  The  actual  factor  is  1.98  and 
forms  a  very  convenient  method  of  determining  the  net  energy 
consumption  for  any  speed  and  train  weight  if  the  friction  rate 
be  known.  Thus,  assuming  the  light  load  efficiency  of  a  railway 
motor,  including  gear  loss,  to  be  75  per  cent.,  a  friction  rate  of 
15  lbs.  per  ton  would  demand  an  input  of  40  watt  hours  per  ton 
mile,  corresponding  to  an  input  of  120(»  watts  per  ton  weight  of 
train  at,  say,  a  constant  speed  of  3<»  miles  per  hour. 

A  number  of  interesting  conclusions  may  be  made  from  the 
foregoing  investigation  of  the  operation  of  trains  upon  a  level 
track. 

1st.  The  rate  of  acceleration  determines  the  energy  consump- 
tion for  a  given  run,  and  since  this  energy  consumption  decreases 
with  increased  rate  of  acceleration,  the  train  should  be  brought 
up  to  speed  as  quickly  as  possible  and  allowed  to  coast  to 
secure  the  minimum  energy  input. 

2nd.  The  maximum  current  input  during  acceleration  in- 
creases with  the  rate  of  acceleration,  and  hence  limits  the  rate  at 
which  a  train  can  be  accelerated  with  a  given  feeder  loss  or 
feeder  investment. 

8rd.  In  order  to  reduce  the  average  energy  consumption  and 
also  the  maximum  current  input  to  a  minimum  for  a  given  run, 
a  due  amount  of  acceleration  should  take  place  on  the  motor 
curve  after  starting  resistance  is  cut  out,  hence  a  motor  should 
be  carefully  proportioned  for  the  work  it  has  to  do. 

4th.  A  normal  amount  of  coasting  should  be  permitted  after 
power  is  shut  off,  partly  to  provide  a  margin  to  allow  for  errors 
of  judgment  of  the  motorman,  but  largely  because  this  is  the 
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most  efficient  method  of  accelerating  a  train.  On  no  account 
should  themaximnni  speed  be  continued  bv  eupplyinfi:  tlie  motors 
witli  just  sufficient  current  to  overcome  train  friction,  as  this 
method  of  accelerating  is  extremely  wasteful  and  inefficient. 

Having  discussed  various  methods  of  accelerating,  it  is  inter- 
esting to  follow  out  the  problem,  and  determine  the  actual 
efficiency  of  transporting  passengers  by  our  modern  methods  of 
travel.  It  has  been  pointed  out  that  only  from  15  to  20  per 
cent,  of  a  fully  loaded  train  consists  of  a  paying  load,  and  with 
an  average  load  as  carried  throughout  the  day  this  percentage 
will  be  reduced  to  10  per  cent,  or  less,  that  is,  nine-tenths  of  the 
energy  consumed  in  moving  this  train  at  a  constant  speed  is 
wasted.  But  in  rapid  transit  work  a  train  seldom  attains  a 
constant  speed,  due  to  the  frequent  stops  and  high  schedule 
speed,  and  at  least  ten  times  the  energy  required  to  overcome 
friction  alone  must  be  expended  in  accelerating  the  train,  only 
to  appear  as  heat  in  the  brake  shoes  when  bringing  the  trains  to 
rest.  That  is,  considering  the  friction  work  of  the  train  as  the 
only  useful  work  done,  an  efficiency  of  only  10  per  cent,  is 
reached  in  the  average  run.  But  only  10  per  cent,  of  this  fric- 
ti<m  work  is  useful  in  moving  passengers,  hence  the  actual  pas- 
senger efficiency  is  reduced  to  less  than  one  per  cent,  of  the 
total  energy  delivered  to  the  train  during  acceleration. 

When  it  is  considered  that  further  losses  occur  in  operation  in 
the  motors  and  their  method  of  control,  in  the  transmission 
lines  and  generators  of  an  electric  traction  system,  it  will  be 
appreciated  that  the  ])resent  method  of  transportation,  with  its 
efficiency  of  a  fraction  of  one  per  cent.,  oj>ens  a  wide  field  for 
improvement.  This  ap])lies  with  greater  force  to  rapid  transit 
service  using  steam  locomotives  as  a  motive  ]>ower,  as  the  dead 
weight  carried  per  passenger  is  greater  with  a  steam  locomotive  than 
with  a  motor  car,  and  tlie  efficiency  from  the  coal  pile  is  much 
less.  Hence  some  means  of  reducing  the  large  loss,  due  to  ac- 
(^eleratiug  the  train  is  desirable,  and  this  is  found  in  the  adoption 
of  an  artificial  profile,  as  followed  out  in  a  large  underground 
road  now  building,  using  down-grades  in  starting,  and  up-grades 
to  retard  the  train  when  stopping. 

The  ideal  profile  would  provide  for  a  down-grade  at  starting 
sufficient  to  do  the  work  of  acceleration  and  with  an  up-grade  to 
<lc»  the  entire  braking  required,  thus  leaving  only  the  friction 
energy  to  be  supplied  by  the  motive  power.     Such  a  road  would 
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operate  at  lUO  per  cent.  elHeieney,  ueglectiiJi<  the  dead  weight 
of  train  carried  and  considering  total  friction  work  as  useful 
work. 

Reduced  to  practice,  this  ideal  grade  must  be  modified  con- 
siderably. The  per  cent,  grade  used  is  limited  partly  by  the 
rapidity  of  acceleration  that  may  be  imparted  to  the  train  with- 
out discomfort  to  the  passengers  and  ])artly  by  the  available 
tractive  effort  of  the  motive  power,  which  must  be  sufficient  to 
haul  the  train  up  the  grade  in  case  of  necessity. 

A  second  modification  occurs  in  the  necessity  of  having  sta- 
tions placed  on  a  level  track,  and  since  a  train  has  an  appreciable 
length,  it  must  travel  its  own  length  before  the  last  car  is  off  the 
level  and  the  full  effect  of  the  grade  is  felt.  Thus,  during  the 
first  period  of  acceleration  the  rate  is  comparatively  small  and 
must  be  furnished  by  the  motors,  resulting  in  a  material  reduc- 
tion in  the  energy  gain  in  the  theoretically  ideal  profile.  An 
artificial  profile  can  only  be  secured  on  elevated  or  underground 
roads,  and  a  double  track  road  necessitates  two  separate  overhead 
structures  and  the  underground  road  must  consist  of  two  separate 
tunnels  with  unlike  profiles. 

Assuming  two  stations  to  be  on  the  same  level,  there  are  two 
forms  of  profile  that  may  be  assumed  with  a  given  maximum 
difference  in  levels,  as  shown  in  Fig.  (3.  Profile  a  consists  of  a 
down-grade  with  a  level  track  at  each  terminus  equal  to  the 
length  of  train  operating  over  the  road,  while  profile  b  consists 
of  a  down-grade  and  up-grade  equal  in  length  and  percentage 
with  a  level  track  connecting  them,  and  also  a  level  track  at  each 
station  equal  to  a  train  length. 

In  practice  a  perfectly  symmetrical  profile,  as  in  b,  will  not  be 
))0ssible,  as  the  level  tract  connecting  grades  must  be  replaced 
by  a  slight  grade  to  provide  for  drainage  in  tunnel  roads,  this 
grade  preferably  opposing  the  direction  of  movement  of  the 
train. 

In  order  to  ascertain  the  behavior  of  a  train  upon  the  two 
forms  of  profiles  and  to  determine  the  most  efficient  form  of 
grade,  a  series  of  curves  have  been  plotted  upon  the  following 
assumptions : 

r^ngth  of  run  total,  2,000  feet. 

Train  friction,  15  lbs.  per  ton  constant. 

Braking  effort,  150  lbs.  per  ton  during  time  brakes  are  set. 

Running  time,  75  seconds. 


8.] 


ARM8TR0NG  ON  RAPID  TRANSIT. 


Length  of  train,  200  feet,  correBponding  to  an  average  trftin  of 

fonr  to  five  care. 
Tractive  eSari,  a«  sapplied  by  motors,  100  Ibe.  per  ton.    (This 

effort  being  supplied  irrespective  of  added  effort  due  to 

grades.) 
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DISTANCE  tN  FEET  OF  4  PER  CENT  QRADE. 

Pio.  6.— Energy  Curves  on  Aniflcial  Profile. 

Distance,   2.000   feet.      Time,   TO  Secoada.      Stkiting  Qr&de  of  4%.     TrMtive 

Effort  of  Motors.  100  Ibi.  per  ton.    Friction,  IS  lbs.  p«r  ton. 

Braking  Effort.    IBO  Iba.  per  ton. 

No  running  is  aeeumed  to  take  place  on  the  motor  curve,  and 
train  w  supposed  to  coast  after  reaching  maximum  speed. 

Motorp  are  controlled  \ty  the  ordinary  series- parallel  method, 
starting  with  two  motors  in  series  and  tlirowing  them 
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into  multiple,  the  starting  resistance  being  supposed  to  be 
cut  out  uniformly  so  that  100  lbs.  per  ton  motor  effort  is 
maintained  constant  while  current  is  on. 

Due  regard  is  paid  to  the  fact  that  the  tractive  effort  due  to 
grade  depends  upon  the  proportional  length  of  train  off  the  level 
track  at  the  stations,  and  hence  is  a  constantly  increasing  (|uan- 
tity  until  the  entire  train  is  on  grade. 

A  grade  of  four  per  cent,  has  been  chosen  for  the  down-grade 
in  A,  and  for  both  down  and  upgrades  in  b;  and  energy  consump- 
tion plotted  in  Fig.  6  for  different  lengths  of  grade. 

Thus  for  a  run  of  2000  feet  in  75  seconds,  the  energy  input 
with  series  parallel  control  is  40.75  watt  hours  per  ton  for  a  level 
track,  which  is  reduced  to  27.8  watt  hours  in  curve  a  with  a 
length  of  500  feet,  4  per  cent,  grade  and  22.6  watt  hours  per  ton 
in  c,  with  the  same  length  of  4  per  cent,  grade,  that  is,  with  the 
same  vertical  fall. 

A  length  of  500  feet  of  4  per  cent,  grade  calls  for  a  vertical 
fall  of  20  feet,  which  is  not  excessive  in  practice,  hence  by  the 
use  of  a  profile  similar  to  b.  Fig.  6,  the  energy  consumption  for 
a  given  run  may  be  reduced  as  much  as  40  to  50  per  cent,  from 
that  required  on  a  level  track. 

With  proper  proportioning  of  the  gear  ratio  of  the  motor  al- 
lowing some  acceleration  on  the  motor  curve,  this  saving  in 
energy  consumption  could  even  be  exceeded,  so  that  a  rapid 
transit  road,  especially  a  tunnel  road,  properly  laid  out  with  an 
artificial  profile,  could  operate  with  a  very  much  less  energy  con- 
sumption than  an  existing  surface  road. 

In  conclusion  it  may  be  pointed  out  that  the  electric  motor  is 
eminently  adapted  to  rapid  transit  service,  owing  to  its  ability  to 
accelerate  rapidly ;  and  for  tunnel  work  especially,  it  has  no  rival, 
adding  to  its  high  efficiency  of  operation  and  its  perfect  immunity 
from  smoke  and  gases. 

JSchenectady,  Maj  81,  1898. 


A  paper  presented  at  the  istk  General  Meeting 
of  the  American  Institute  of  Electriiaf 
Engineers^  Omaha^June2Qth^  tSfyS.  President 
Kennelly  in  the  Chair. 


POWER  TRANSMISSION  AND   DISTRIBUTION  FOR 

RAILWAY  WORK. 


BT    ERN8T   .J.    BERG. 


When  electric  power  was  iir^t  applied  to  railway  work,  the 
distances  of  transmission  were  comparatively  short,  so  that  one 
generating  station  usually  located  in  the  center  of  distribution 
was  sufficient  to  furnish  all  power  at  a  reasonable  loss. 

As  the  plants  were  extended  it  was  soon  evident  that  even 
disregarding  the  question  of  efficiency,  the  distances  were  very 
limited  for  commercial  and  practical  reasons,  and  boosters  con- 
nected in  series  with  the  line  so  as  to  raise  the  voltage  propor- 
tional to  the  load  were  introduced.  By  their  use  it  was  possible 
to  cover  considerable  distance  and  yet  keep  the  potential  up  with- 
out too  excessive  an  amount  of  copper.  Since,  however,  any 
booster  system  must  be  very  inefficient,  such  installations  are  not 
very  common,  and  their  field  of  usefulness  limited  to  cases  where 
considerable  power  is  taken  and  at  the  end  of  a  long  line  for  a 
short  time  only.  The  next  step  towards  extension  was  the  intro- 
duction of  power  stations  located  in  various  places  in  the  net- 
work, but  the  complication  and  inefficiency  of  such  an  arrange- 
ment was  apparent,  and  the  possibility  of  transmitting  the  power 
by  alternating  currents  was  brought  out. 

The  first  suggestion  was  to  generate  alternating  current  power 
in  one  station  and  transmit  it  at  a  reasonably  high  voltage  to 
various  sub-stations  placed  where  the  steam  stations  would  have 
been  located  under  former  conditions,  and  there  converting  it  to 
direct  current  by  means  of  synchronous  motors  driving  direct 
current  generators.    This  method  of  transmitting  and  converting 
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electrical  power  was  applied  in  a  few  cases  but  was  soon  saperseded 
by  the  converters  which  not  only  gave  a  simpler  means  of  con- 
verting alternating  current  to  direct  current,  but  which  are  more 
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Fig.  1. — Curve  Showing  how  the  Generator  Voltage  Depends 
upon  the  Power  Factor  of  the  Receiving  Circuit.  Constant 
Line  Current.  Voltage  at  Receiving  End  of  Transmission 
Assumed  as  1.  Z  =  .1  —  .4^'. 

efficient  and  permit    of  automatic  potential  control.     Thus  in 
189^  )&Tffe  and   representative  converter  systems  were  installed* 
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Since,  with  the  introduction  of  long  distance  transmission  the 
generators  were  placed  far  away  from  the  converters  and  con- 
nected to  them  by  lines  of  considerable  resistance  and  self-in- 
duction, it  was  apparent  that  potential  control  could  hardly  be 
effected  in  the  power  station,  at  least  a  control  of  sufficient 
sensitiveness  to  follow  the  greatly  fluctuating  loads  in  a  railway 
circuit,  the  more  so  as  the  voltage  does  not  vary  in  the  same  pro- 
portion as  the  load. 

To  illustrate  the  variation  in  voltage  at  the  receiving  end  of 
a  line  of  considerable  resistance  and  reactance  as  function  of 
the  phase  relation  in  the  current,  in  Fig.  1  is  plotted  a  curve 
giving  as  abscissae  the  power  factor  of  the  load,  that  is  cos  to 
and  as  ordinates  the  voltage  at  the  receiving  end.  The  line  cur- 
rent is  the  same  in  all  cases,  the  generator  voltage  is  constant 
and  assumed  as  unity,  the  resistance  is  10  per  cent,  and 
reactance  40  per  cent.  The  upper  part  of  the  curve  gives  the 
voltage  with  leading  current,  the  lower  with  lagging  current. 

It  is  readily  seen  from  this  diagram  how  impossible  it  would 
be  to  control  the  potential  at  the  generating  station  under  these 
conditions,  as,  for  instance,  with  a  load  of  90  per  cent,  power 
factor  the  voltage  at  the  receiving  end  would  be  69  per  cent, 
of  the  generator  voltage  with  lagging  current,  and  the  same  as 
at  the  generator  with  leading  carrent.  Thus,  if  the  generator 
should  be  controlled  by  the  amount  of  current  taken,  it  is  evi- 
dent that  no  indications  whatever  would  be  made  by  the  cur- 
rent itself,  since  it  is  the  same  under  these  two  conditions. 

But  even  if  a  wattmeter  were  in  the  circuit  at  the  power 
station,  this  would  not  help  matters,  since  under  the  condi- 
tions referred  to,  the  watts,  that  is  the  power,  is  the  same,  and 
yet  the  voltage  so  widely  different. 

In  Fig.  2  this  is  demonstrated  in  a  slightly  different  way. 
It  is  assumed  that  the  voltage  impressed  upon  the  converter 
shall  be  constant  at  all  loads,  and  shows  how  the  generator 
voltage  has  to  be  varied  in  order  to  keep  this  constant  at  rated 
output  with  different  power  factors,  and  consequently  at  a  vari- 
able line  current.  It  is  equally  evident  from  this  curve  how 
unfeasible  voltage  control  from  the  generating  station  would 
be. 

It  was  therefore  necessary  to  develop  some  means  by  which 
the  potential  could  be  controlled,  not  at  the  generator  station, 
as  Ls  done  in  direct  current  railway  circuits,  but    in   the    con- 


Fig.  2. — Curve  Showing  how    the  Generator    Voltage   Depends 
upon   Power  Factor  of  Load.      Constant  Load  of  Receiving 
Circuit,         Voltage    at    Receiving    End    of    Transmission 
Assumed  as  1.  ,  Z  =  ,1  —  .4  j. 
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verter  station.  This  means  of  regulating  the  potential  was 
found  in  changing  the  phase  relation  of  the  current  taken  by 
the  converter  by  means  of  a  change  of  field  excitation,  raising 
or  lowering  the  impressed  alternating  voltage,  and  consequently 
the  direct  current  voltage  by  means  of  this  current  passing 
through  lines  of  considerable  self-induction,  or  through  special 
reactive  coils  inserted  in  the  circuit. 

In  the  following  I  shall  endeavor  to  explain  this  method  of 
control,  and  discuss  its  effects  on  the  operation  in  general. 

In  a  synchronous  converter  sj'stem  we  have  to  distinguish  be- 
tween three  e.  m.  f's.;  the  impressed  e.  m.  f.,  that  is,  the  e.  m.  f. 
at  the  collector  rings  of  the  rotary  converter ;  the  counter  e.  m. 
F.,  which  is  the  e.  m.  f.  induced  in  the  rotary  converter  by  the 
armature  revolving  in  the  magnetic  field,  and  consequently  pro- 
portional to  the  field  excitation ;  and  the  e.  m.  f.  of  impedance 
or  the  e.  m.  f.  consumed  by  impedance,  which  is  that  caused  by 
the  current  flowing  through  the  reactance  and  resistance  of  the 
converter. 

The  first  mentioned  e.  m.  f.,  that  is  the  impressed  e.  m.  f.,  is 
entirely  dependent  upon  the  generator  voltage  ;  the  counter  e.  m. 
f.  is  entirely  dependent  upon  the  field  excitation  of  the  con- 
verter, and  is  constant  regardless  of  the  load  on  a  machine,  and 
the  e.  m.  f.  consumed  by  the  impedance  changes  with  the  load 
and  is  proportional  to  the  current. 

To  explain  the  phase  relations  between  these  e.  m.  f's.  let  us 
for  the  sake  of  simplicity  consider  the  converter  running  light 
or  doing  no  work.  Since  the  work  done  by  a  synchronous  con- 
verter rotary  is  the  product  of  the  current  taken  by  the  rotary 
and  the  projection  of  the  counter  e.  m.  f.  on  this  current  at  no 
load  the  current  must  be  in  quadrature,  that  is,  at  right  angles  to 
the  counter  e.  m.  f.  Since,  furthermore,  the  input  of  a  rotary 
converter  is  expressed  by  the  product  of  the  impressed  e.  m.  f. 
and  the  projection  of  the  current  on  the  impressed  k.  m.  f.  under 
the  assumption  that  no  energy  is  consumed,  the  current  is  also 
in  quadrature  or  at  right  angles  to  the  impressed  e.  m.  f.  Conse- 
(juently  the  impressed  e.  m.  f.  and  the  counter  e.  m.  f.  must  be 
in  phase  and  in  opposition  to  each  other.  I^et,  then,  the  field 
excitation  of  the  converter  be  reduced,  so  that  the  counter  e.  m. 
F.  is  less  than  the  impressed.  Since  only  three  h.  m.  f's.  are  act- 
ing in  the  system  and  their  sum  must  always  be  zero,  that  is,  the 
impressed  e.  m.  f.  must  at  any  time  be  equal  to  the  counter  e» 
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M.  F.,  pliLB  the  K.  M.  F.  coDBumed  by  impedance  or  neglecting  the 
resistance,  the  b.  m.  f.  consumed  by  the  reactance.  The  counter 
s.  M.  f.  is  assumed  to  be  less  than  the  impressed,  therefore,  the 
K.  M.  f.  consumed  by  reactance  must  be  in  phase  with  the  counter 
E.  M.  F.  and  add  itself  thereto.  But  since  the  current  is  always 
90^  ahead  of  the  e.  m.  f.  of  self-induction  it  must  be  behind 
90^  the  impressed  k.  m.  f.  and  consequently  be  lagging. 

If,  OB  the  contrary,  the  field  excitation  of  the  converter  is 
increased  so  that  its  counter  e.  m.  f.  is  higher  than  the  impressed, 
it  is  evident  that  the  e.  m.  f.  consumed  by  reactance  must  be  in 
phase  with  the  impressed  e.  m.  f.  and  add  itself  thereto.  Conse- 
quently since  the  current  is  90°  ahead  of  the  e.  m.  f.  of  self- 
induction  it  must  be  also  ahead  of  the  impressed  b.  m.  f.,  in 
other  words,  the  current  is  leading.  By  a  similar  discussion  it 
is  readily  seen  that  the  same  argument  is  true,  if  the  converter 
is  loaded.  That  is,  in  this  case  the  wattless  lagging  or  leading 
current  due  to  the  difference  between  counter  e.  m.  f.  and  im- 
pressed B.  M.  F.,  merely  adds  itself  in  its  proper  phase  relation  to 
the  energy  current  representing  the  load. 

It  is  thus  seen  how  by  means  of  converters,  leading  or  lagging 

currents  are  caused  to  flow  in  the  lines.     It  is  readily  shown  how 

the  voltage  at  the  receiving  end  of  the  system  can  be  changed 

by  causing  a  leading  or  lagging  current  to  flow  over  a  line  with 
some  self-induction. 

Graphically  this  is  done  in  Fig.  3.  Let  0  /denote  the  current 
which  is  assumed  to  be  in  phase  with  the  e.  m.  f.  in  diagram  a. 
The  E.  M.  F.  consumed  by  resistance  0  R  is  in  phase  with  this  cur- 
rent and  the  e.  m.  f.  consumed  by  reactance  O  X  is  90°  ahead  of 
the  current.  Thus,  the  b  m.  f.  consumed  by  the  impedance  of 
the  system  is  represented  hjOZ  and  is  the  resultant  of  O  R  and 
O  X.  The  generator  voltage  is  the  resultant  of  this  e.  m.  f.  O  Z 
and  the  e.  m.  f.  at  the  ree-eiving  end  is  thus  represented 
by  O  E^  which  is  larger  than  0  E  and  larger  than  O  E  +  O  R, 

lu  diagram  b.  Fig  3,  is  assumed  the  same  (current  flowing 
over  the  same  line,  but  the  current  is  made  to  lead  by  a  certain 
angle.  It  is  readily  seen  in  this  diagram  that  the  b.  m.  f.  which 
has  to  be  generated  is  less  than  the  e.  m.  f.  desired  at  the  re- 
ceiving end,  and  of  course  much  less  than  that  in  the  flrst  men- 
tioned case,  where  the  current  was  in  phase  with  the  voltage 
at  the  receiving  end. 


1808.] 


FOR  RAILWAY  WORK. 


885 


In  diagram  c  Fig.  3,  is  shown  the  same  condition  with  lagging 
x^urrent,  and  demonstrated  plainly  how  the  generator  e.  m.  f.  is 
«till  higher  than  the  generator  voltage  for  non-inductive  load. 

Since,  however,  there  is  considerable  difficulty  in  getting  defin- 
ite numerical  instances  worked  out  with  any  degree  of  accuracy 
by  means  of  graphic  methods,  the  analytical  treatment  is  given 
below  : 


CJ 


Fig.  3. — Graphic  Method  of  Obtaining  the  Generator  Voltage,  ^^  .    . 
in  a  Circuit  of  Resistance  and  Reactance. 


Let  ^,)  =  the  generator  voltage,  the  induced  e.  m.  f.,  if  the  gen- 
erator field  excitation  is  kept  constant  or  its  terminal  e.  m.  f. 
if  the  excitation  is  varied  with  the  load  so  that  tlie  genera- 
tor  voltage  is  kept  constant. 

^  =      the  E.  M.  F.  at  collector  rings  of  rotary  converters. 

«j  -{-  j  u  in  symbolic  expression  the  current  taken  by  tlie  rotary, 
ii  the  energy  current,  and    i*  the  wattless  current,  and 
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z  =.  r  —  j  X  the  total  impedance  between  e^  and  ^,  that  is  the  to- 
tal impedance  of  transmission  system  and  generator  in  the 
case  of  a  generator  witli  constant  excitation,  and  the  impe- 
pedance  of  the  transmission  line^  if  the  generator  voltage 
is  constant. 
We  have  the  following  equations  : 

^0  =  6  +  (?•,  +  3  i^  {r  —j  or)  or  (A> 

e,'  =  {e  +  i,  r  +  kxf^  +  (/,  x-i,  rf  (B> 

At  non-inductive  load  i^  =  0 

therefore  e^  =  (t  -f-  'i  ^)'  +  i\  '^  (C^ 

At  no  load  t,  =  0 

therefore  c^  =  («g  -[-  i^  xf  +  ^2  '^  (D)* 

Usually  it  is  required  that  the  converter  voltage  shall  remain 
constant  or  increase  with  the  load,  when  the  generator  voltage  or 
excitation  is  kept  constant.  If  each  converter  is  operated  from  its 
own  generator,  it  is  preferable  to  leave  the  generator  field  excitation 
constant  and  thereby  use  the  generator  reactance  for  phase  con- 
trol and  avoid  any  necessity  of  regulation  in  the  generating  sta- 
tion. If,  however,  many  converters  are  operated  from  one  gen- 
erator, or  if  all  generators  in  the  power  station  are  operated  in 
multiple,  it  is  preferable  to  keep  the  generator  terminal  voltage 
constant,  and  control  the  converter  voltage  by  outside  reactances 
in  a  low  reactance  transmission,  or  by  the  line  reactance  in  a 
highly  inductive  transmission. 

In  either  case  equation  B  applies,  if  it  is  borne  in  mind  that  the 
impedance  Z  =  r  — j  x  includes  the  generator  in  the  first  case 
and  only  refers  to  the  transmission  system  between  generator  and 
converter  in  the  latter.  Furthermore,  if  it  is  desired  to  have 
overcompounding,  that  is,  converters  which  increase  their  voltage 
with  the  load,  the  converter  voltage  e  should  be  expressed  by 
e  =  e  -\-  p  ii  where  e  is  the  no  load  e.  m.  f.  and  j)  'i\  gives  the 
increase  in  e.  m.  f.  at  a  load  of  iy  amperes. 

Thus  the  general  equation  of  phase  control  becomes 

^  =  ^+Ph  +  {h  +J  h)  {r  —J  x)  or 
^^"^  =  {<^+P  ^i  +  h  r  +  ii  xf  +  {i,  X  —  /a  rf  (E> 

where  p  /j  is  0  in  a  rotary  with  constant  voltage  at  all  loads.  Ar 
seen,  the  overcompounding  enters  the  equation  in  essentially  the 
same  way  as  a  resistance  and  can  therefore  in  most  pniblems  be. 
assumed  as  such. 


1.  Including  transformers  an«l  other  intermediary  apparatu-*. 
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Looking  over  equation  A,  we  iind  that  it  is  the  relation  of 
K.  M.  F.'s  and  currents  in  an  alternating  current  transmission  line, 
indeed,  the  usual  equation  for  determining  line  drop,  etc.,  and 
corresponds  to  equation  e^  =^  e  -\-  i  r  in  a  direct  current  line. 

Since  a  converter  can  be  made  to  take  leading  or  lagging  cur- 
rent by  changing  its  field  excitation  and  thus  its  counter  k.  m.  f., 
such  an  installation  gives  the  most  favorable  opportunity  to  study 
the  fundamental  principles  of  alternating  current. 

It  may  perhaps  seem  as  if  it  would  be  rather  a  delicate  opera- 
tion to  accomplish  this  potential  control  in  commercial  circuits 
where  available  instruments,  etc.,  would  prohibit  the  determina- 
tion of  leading  or  lagging  currents  necessary  for  the  control  with 
any  degree  of  accuracy,  yet  the  problem  is  perfectly  simple  and 
resolves  itself  to  adjusting  the  shunt  excitation  for  a  given  run- 
ning light  current  which  is  predetermined  by  calculation,  and 
afterwards  to  adjust  the  series  field  so  that  the  converter  takes 
minimum  current,  that  is,  runs  non-inductively  at  the  desired 
load. 

It  will  then  follow  that  the  potential  control  for  all  intermedi- 
ate loads  is  perfect,  at  least  within  very  close  limits,  as  I  shall 
show  later. 

The  running  light  current  is  readily  determined  from  equations 

(B)  and  (C). 

Let  ii  =  in  at  non-inductive  load  where  ij  =  0 

^2  =  /q  running  light  where  i^  =  0 

then  <^o  =  (<?  4"  <^n  '*)'  +  4^'-P^  which  substituted   in  equation  {€)- 

gives  {e  +  !^  rf  -^  /n^  a^  =i  (e -\-  i^  xf  +  i^  r^  which  solved  in 

reference  to  /^  the  running  light  current  gives 


i,  =  q'  +  \/€4  +  C  +  l^iLi.'  (F> 

denoting  the  converter  voltage  6=1 

The  converter  full  load  current  i,  =  1 

and  assuming  the  converter  non-inductive  at  full  load  we  get  the 
ecjuation  of  running  light  current. 


'(.  = 


z 
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The  magnitude  of  this  current  is  calculated  and  plotted  in  Fig. 
4  for  different  conditions  of  resistance  and  reactance. 

Curve  a  shows  the  conditions  at  lb%  energy  loss. 
"      h      "        "  «  10% 


i( 


(( 

(( 


5% 


ii 


40  80  60 

%  X^%  REACTANCE 

Fig.  4. — Dependence  of  Riinninp^  Light  Current  on  the  Reactance 
and  Resistance  of  the  Circuit.  Converter  Adjusted  to  Run 
Xon-Inductively  at  Full  Load. 

It  shows  plainly  that  the  lesser  the  loss  the  lesser  is  the  running 
light  current  and  the  lesser  reactance  is  necessary.  In  a  system 
of  h%  loss  30^  reactance,  that  is  such  a  reactance  should  be  in- 
serted as  gives  30j?  of  rated   voltage  at  full  load  current.     In  a 
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system  of  \b%  loss,  however,  bO%  reactance  would  be  about  as 
low  as  we  would  go,  and  yet  the  running  light  current  is  bO%  of 
full  load  current. 

It  is  evident  also  that  the  more  energy  loss,  the  higher  should 
the  generator  voltage  be  relative  to  the  converter  voltage  as  shown 
by  the  equations. 

In  the  above  case  we  assumed  that  the  converter  should  run 
non-inductively  at  full  load;  usually,  however,  it  is  preferable  to 
run  it  non-inductively  at  a  somewhat  lighter  load,  say  f  load. 
Under  these  conditions  substituting  in  equation  F  for  4  =  -^S 
the  equation  of  the  running  light  current  and  non-inductive  load 
at  J  load  becomes. 


i,   =_^,+  \/^  +  .56+    ^ 

Z  2*  z* 

In  this  case  with  \S)%  reactance,the  running  light  current  is  only 
20^  of  full  load  current  at  10^  energy  loss,  and  with  60jS  react- 
ance only  34jg  at  15j?  energy  loss.  Therefore  it  would  indeed 
seem  as  if  it  always  were  more  favorable  to  run  with  non-induc- 
tive load  at  f  load.  This  is  still  more  evident,  when  investiga- 
ting the  power  factor  curves  with  these  adjustments,  yet  there 
are  some  reasons  why  sometimes  converters  are  adjusted  for 
non  inductive  load  at  full  load  as  will  be  seen. 

The  maximum  output  of  a  converter  is  practically  unlimited 
l>rovided  the  generator  voltage  can  be  increased,  and  there  ia 
sufficient  capacity  behind  the  generator. 

With  the  best  arrangement  of  reactance,  resistance  and  genera- 
tor voltage,  this  is  limited  only  by  the  resistance  in  the  trans- 

mission  and  is  expressed  by  equation  ^i   =  ^—  as  will  be  shown 

later.  Usually,  however,  the  maximum  output  is  less  than 
tliis,  so  that  only  the  maximum  value  can  be  obtained  by  this 
ecjuation,  8o  that    the    above    equation    should  be  written  i,  = 

--     where  Zj  is  the  limit  of    energy  current,  that  is  output,  e^ 

4  e  r 

and  e  the  generator  and  converter  e.  m.  f.'s  respectively  and  r 
the  resistance  in  the  system. 

ft/ 

To  obtain  the  maximum  possible  output  with  a  given  line 
impedance,  the  converter  should  run  non-inductively  at  higher 
outputs  as  the  generator  voltage  increases,  so  that  for  instance, 
if  the  system  has  lOff  energy  loss  and  ^0%  reactance  and  the 
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generator  voltage  is  kept  \^%  above  the  converter  voltage, 
the  maximum  output  is  2.12  times  rated  output  and  the  con- 
verter should  run  non-inductively  at  f  of  rated  load.  If  the 
generator  voltage  were  \%%  higher  than  the  converter  voltage, 
the  output  would  have  been  2^  times  the  rated,  and  the  con- 
verter would  run  non-inductive  at  full  load  and  finally,  if  the 
generator  voltage  were  30^^  higher  than  the  converter  voltage  the 
maximum  output  would  be  2.55  times  the  normal  output  but  the 
non-inductive  load  would  have  been  1^  times  full  load.  In  other 
words  the  converter  should  run  with  lagging  current  up  to  bO% 
overload. 

In  commercial  installations,  however,  where  there  is  always  a 
limit  to  the  generator  voltage,  which  limit  is  caused  by  satura- 
tion of  the  machine,  or  outside  conditions  which  do  not  permit 
of  excessive  voltage  in  the  power  station,  the  output  of  a  conver- 
ter is  by  no  means  unlimited,  and  thus  some  care  has  to  be  taken, 
to  get  the  proper  reactance,  since  with  a  given  difference  in 
generator  and  converter  potential,  the  output  changes  as  we 
change  the  reactance  and  resistance. 

Referring  again  to  equation  (B). 

By  solving  the  equation  in  reference  to  ^2,  it  is 


2*  2*  Z^  Z^ 


ii  becomes  maximum  for 

2*  Z*  Z* 

or 


i.^-y  +  V'l^  +  ^  +  ^ZlI^^ 


-_/ 

-where  c^  is  the  limiting  current  which  directly  represents  the 
limit  in  output. 

Solving  this  equation  in  reference  to  z  the  impedance,  the  fol- 
lowing expression  gives  the  impedance  corresponding  to  a  given 
maximum  output : 

for  maximum  output 


^4=4  /j  r  e  ei  or  i^  =  -^ 

\  e  r 


as  given  above. 
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Insertinfjr  this  value  we  get, 


•or  if 


7 ^0 


e  k 


and 


Pio.  5. — Curve  Giving  Maximum  Possible  Output  and  Correspon- 
ding Ratio  of  Reactance  and  Resistance  for  Given  Ratios  of 
Generator  and  Converter  Voltages. 


a;  =  ^   1^4  —  P 


or  to  get  maximum  oatput  for  a  given  ratio  of  generator  and 
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converter  voltage  the  ratio  of  reactance  and  resistance  is  fixed  by 
equation 

X  _  ^^  —  J^ 


thus 


e 

1 

1.1 

1.15. 

1.2 

X 

ra 

r 

1.73 

1.52 

1.42 

1.33 

.  output  = 

.25  ^ 
r 

.275^ 
r 

.2875  ^ 
r 

.302*? 
r 

40  50 

%x  OR  r 

Fig.  6. — a  and  a'  are  Curves  Showine;  How  the  Maximum  Output 
of  a  Converter  Depends  Upon  tne  Reactance  in  the  System. 
Full  Load  Assumed  to  be  1.  Energy  Loss  \^,  Generator 
Voltage  19^  Higher  than  Converter  voltage,  h  and  h'  show 
how  Output  Depends  upon  the  Resistance  at  40^  Reactance. 

El  =1.4    E  -  1. 

r  =  .  1  and  Variable  x  =  curve  a, 

«  =  4  and  Variable  r  =  curve  h. 
Curve   a'    =   Position  of  Non-Inductive  Load  Variable  x. 
Curve  h'  =  Position  of  Non-inductive  Load  Variable  r. 

It  must,  however,  be  borne  in  mind  that  this  limiting  value  by 
no  means  represents  the  best  "  all  around  "  condition.  Indeed  by 
choosing  the  reactances  from  results  obtained  from  this  equation 
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and  Fig.  5,  the  power  factor  of  the  system  would  in  general  be 
very  poor,  therefore  it  would  be  better  either  to  sacrifice  some  in 
output  and  increase  the  reactance,  or  raise  the  generator  voltage 
some  and  thus  keep  the  output  with  the  greater  reactance. 

In  Fig.  6  a  couple  of  curves  a  and  a^  are  given  showing  the 
relation  between  reactance  in  the  transmission  line  and  the  max- 
imum  output  of  a  converter  for  given  energy  loss,  and  also  at 
which  load  the  converter  should  run  non-inductive  under  those 
conditions.  These  particular  curves  are  figured  out  for  a  gener- 
ator voltage  I9j?  higher  than  the  converter  voltage  and  iO% 
energy  loss  in  transmission. 

As  seen,  the  maximum  output  would  be  3.45  times  rated  out- 
put with  a  reactance  of  only  \^%  and  with  the  converter  so  ad- 
justed as  to  run  non-inductively  at  about  1.6  times  full  load  cur- 
rent. This  condition  is  of  course  rather  absurd,  since  it  means  a 
very  large  running  light  current  with  consequent  very  low  power 
factors  at  all  loads  up  to  full  load  or  thereabouts.  The  curve  also 
shows  that  if  it  was  desired  to  run  the  converter  non-inductively 
at  full  load,  a  reactance  of  42^  shoo  Id  be  chosen  and  the  maxi- 
mum output  would  be  2.2  times  full  load  output. 

Fig.  7  shows  similar  curves  with  a  lesser  difference  between 
generator  and  rotary  voltage.  The  generator  voltage  is  kept 
ten  per  cent,  higher  than  the  rotary  voltage  and  the  energy  loss 
is  the  same  as  in  previous  case,  that  is,  ten  per  cent.  It  is  shown 
that  the  maximum  output  is  three  times  rated  output,  and  that 
this  is  obtained  by  a  reactance  of  about  15  per  cent.  Also  that 
the  converter  then  should  run  non-inductively  at  95  per  cent,  of 
rated  load.  With  this  small  reactance  the  running  light  current 
will  be  quite  large  and  the  power  factors  comparably  low  at 
lighter  loads,  so  that  although  the  power  factor  is  high  at  full 
load,  it  is  really  not  as  good  a  feasible  arrangement.  If,  under 
these  conditions,  that  is  with  ten  per  cent,  higher  generator  volt- 
age than  converter  voltage,  it  was  desired  to  get  a  maximum 
output  of  double  rated  output  of  the  converter,  a  reactance  of 
42  per  cent,  would  be  suitable,  and  the  converter  should  run 
non-inductively  at  65  per  cent,  of  full  load,  which  gives  very 
good  general  characteristics  as  far  as  power  factors  are  con- 
cerned. 

The  output  of  the  converter  depends  also  necessarily  upon 
the  resistance  in  the  line.  To  illustrate  this  another  set  of 
curves  is  plotted  in  Fig.  6  denoted  by  h  and  ij,  1)  showing  the 
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maximum  oatput  for  different  values  of  energy  loss  with  a  re- 
actance in  tlie  system  of  40  per  cent.,  and  b^  at  which  load  the 
converter  should  run  non-inductivelv  under  those  conditions. 


Fig.  7. — Curve  Showing  How  the  Maximum  Output  of  a  Converter 
Depends  Upon  the  Reactance  in  the  System.  10^  Energy 
Loss,  Generator  Voltage  19%  Higher  than  Converter  Voltage, 
and  Full  Load  Output  of  Converter  Assumecl  as  1. 


1-VH  HAIL  WAY  WOUS. 
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As  aeen,  the  output  increases  very  ra;)idly  as  the  energy  loss 
<]e(!reai-es  at  least  within  commercial  conditions,  that  is  between 
five  and  20  per  cent.  loss.  The  maximum  output  with  40  per 
cent,  reactance  and  zero  resistance  would  be  three  times  rated 
output. 

Witli  five  per  cent,  energy  loss  the  maximum  output  would 
be  2.*)  times  rated  output,  and  the  converter  should  be  adjusted 
for  non-inductive  load  at  1}  full  load. 

The  condition  which  is  to  be  met  with  in  a  commercial  in- 
stallation is.  that  the  generator  ii  limited  to  a   certain  value, 
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that  the  converter  voltage  shall  be  maintained  constant  at  all 
loads  or  increase  with  the  load,  and  that  that  there  shall  be  a 
certain  margin  in  maximum  output  and  the  highest  power  fac- 
tors at  all  loads. 

As  ail  illustration,  in  Fig.  S  is  plotted  a  number  of  curyea 
giving  the  power  factors  at  the  converter  under  the  assump- 
tion that  the  generator  voltage  is  constant  and  15  per  cent. 
liiglier  than  the  converter  voltage,  that  the  full  load  e,  m.  f. 
and  current  is  unity,  and  the  resistance  or  rather  the  energy  loss 
is  ten  per  cent,  for  different  values  of  reactance.  ^^__ 
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maximum  output  for  different  values  of  energy  loss  with  a  re- 
actance in  the  system  of  40  per  cent.,  and  bi  at  which  load  the 
converter  should  run  non-inductively  under  those  conditions. 
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Fig.  7. — Curve  Showing  How  the  Maximum  Output  of  a  Converter 
Depends  Upon  the  Reactance  in  the  System.  10^  Energy 
Ijoss,  Generator  Voltage  10%  Higher  than  Converter  Voltage, 
and  Full  Load  Output  of  Converter  Assumed  as  1. 
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Ae  seen,  the  output  increaseB  verv  raf>idly  as  the  energy  loaa 
decreases  at  least  within  commercial  conditions,  that  is  between 
five  and  20  per  cent.  loss.  The  maximum  output  with  40  per 
cent,  reactance  and  zero  resistance  would  be  three  times  rated 
out  put. 

With  five  per  cent,  energy  loss  the  maximum  output  would 
be  2.ti  times  rated  output,  and  tlie  converter  should  be  adjusted 
for  non-inductive  load  at  1^  full  load. 

The  condition  which  is  to  be  met  with  in  a  commercial  in- 
stallation is,  that  the  generator  is  limited  to  a   certain  value, 
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that  the  converter  voltage  shall  be  maintained  constant  at  all 
loads  or  increase  with  the  load,  and  that  that  there  shall  be  a 
certain  margin  in  maximum  output  and  the  higliest  power  fac- 
tors at  all  loads. 

Ak  an  illustration,  in  Fig.  8  is  plotted  a  number  of  curves 
giving  the  power  factors  at  the  converter  under  the  assump- 
tion that  the  generator  voltage  is  constant  and  15  per  cent. 
higher  than  the  converter  voltage,  that  the  full  load  e.  h.  f. 
and  current  is  unity,  aud  the  resistance  or  rather  the  energy  loss 
is  teti  per  cent,  for  different  values  of  reactance. 
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As  can  be  ascertained  bj  equations  given  above,  the  maxi- 
mum output  that  could  be  obtained  under  such  circumstances 
is  3  3  times  rated  output  with  a  reactance  of  14.3  per  cent.  The 
power  factor  under  these  conditions  is  as  seen,  exceedingly  unsatis- 
factorv.  The  converter  would  have  to  run  non-inductive  at 
140  per  cent,  load,  and  the  power  factor  at  i  load  is  20  per 
cent.,  i  load  60  per  cent.,  at  f  load  b2  per  cent.  Apparently, 
judging  from  the  power  factor  curve  the  most  satisfactory  re- 
actance would  be  about  46  percent.  The  converter  is  practically 
Don-inductive  at  full  load,  has  95  per  cent,  power  factor  at  i 
load  and  71  per  cent,  at  J  load  with  an  output  of  over  2.5 
times  rated  load. 

In  general  it  may  be  quite  satisfactory  to  decide  upon  a  cer- 
tain reactance  and  load  at  which  the  converter  shall  run  non- 
induetively,  and  let  the  generator  e.  m.  f.  correspond  thereto. 
In  Fig.  9  are  plotted  some  curves  under  a  similar  assumption 
with  a  reactance  of  40  per  cent.,  resistance  of  five  per  cent., 
10  per  cent,  and  15  per  cent,  respectively,  and  assumption 
that  the  non-inductive  load  should  be  i  of  full  load.  As  seen, 
the  power  factor  is  better  the  lower  the  resistance  is,  yet  even 
over  this  range  of  energy  loss  there  is  very  little  difference 
around  loads  between  half  and  full  load.  The  running  light 
current,  however,  depends  greatly  on  the  line  loss,  and  is,  as 
seen,  20  per  cent,  with  five  per  cent,  energy  loss.  30  with  10 
per  cent.,  38  with  15  per  cent,  energy  loss.  The  current  is 
necessarily  lagging  up  to  |  load  and  then  becomes  leading. 

If  the  converter  were  to  be  over-compounded  the  power 
factors  would  have  been  somewhat  poorer,  since  as  stated  above, 
over-compounding  acts  in  essentially  the  same  way  as  increased 
energy  loss. 

This  is  illustrated  in  Fig.  10  where  corresponding  curves  are 
plotted  for  a  converter  of  ten  percent,  over-compounding,  that 
is,  for  a  converter  where  the  terminal  voltage  is  expressed  by 
'i  =  e  -{-J?  ij. 

The  power  factor  at  the  generator  will  be  slightly  poorer  at 
light  load  and  slightly  better  at  heavy  load  than  at  the  converter, 
ast^uiningthat  the  transmission  line  has  considerable  self-induc- 
tion. 

In  Fig.  11  is  plotted  in  a  different  way  the  wattless  current  in 
the  line  corresponding  to  condition  given  in  Fig.  9.  Here  it  is 
plainly  seen  how  the  amount  of  lagging  or  leading  current  is  not 


BKRQ  ON  POWER  I'HASSMISSION 


[Ju. 


proportional  to  tUe  load,  consequently  the  magnetizing  or  demag- 
netizing effect  of  the  armature  current  is  not  proportional  thereto. 
In  practice  the  shunt  field  is  so  adjusted  that  the  converter 
takes  the  required  lagging  current  running  light,  and  tlie  series 
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field  is  made  to  increase  the  excitation  so  as  to  give  the  required 
field  strength  at  non-inductive  load.  Since,  however,  the  series 
excitation  is  proportional  to  the  load,  it  is  evident  that   without 
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hand  adjuBtmeat,  it  would  be  thooretically  impoBsible  to  accom- 
pligli  perfect  pliaae  control;  or  retber,  it  woald  be  impoaaible  to 
liave  conetant  voltage  at  the  rotary  converter  with  constant  volt- 
age at  the  generator.  The  difference,  however,  is  exceedingly 
small,  the  series  fleld  being  slightly  too  strong  at  light  load  and 
too  weak  at  overload,  in  other  words  the  voltage  will  be  slightly 
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S.  10  and  15<  Energy  Losa. 


Curve  Showing  ii 


increased  at  the  converter  np  to  non-inductive  load  and  will  drop 
t-liglitly  at  overload. 

In  the  preceding  we  have  not  considered  this  point  and  have 
asBunicd  that  the  theoretical  loading  or  lagging  current  can  be 
obtained  at  any  load.  Consequently  the  values  which  we  have 
f^iven  of  inaxiniutn  output  of  the  converter  are  not  quite  trae  in 
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practice  but  the  output  is  always  less.  The  aroonnt  of  this 
decrease  in  output  depends  upon  the  map^etic  characteristic  of 
the  machine  and  can  readily  be  determined  in  practice. 

Before  closing  the  paper  it  might  be  well  to  discuss  the  con- 
ditions which  govern  the  amount  of  reactance,  etc.,  in  the 
machines.  As  stated  in  the  beginning  of  the  paper,  in  plants 
where  one  converter  is  operated  from  one  generator  it  is  con- 
venient to  use  the  generator  reactance  for  phase  control.  Since, 
however,  as  seen,  it  requires  considerable  self-induction  to  do  this 
at  high  power  factors,  it  means  a  generator  of  high  armature 
reaction  and  self-induction,  in  other  words  a  generator  with  rather 
limited  output  with  constant  field  excitation.  This  is  not  ol> 
jectionable,  since  by  leading  or  lagging  currents  the  output  can 
really  be  made  as  high  as  desired,  even  if  the  armature  reaction  is 
high.  Yet  when  considering  that  it  is  often  desirable  to  start 
the  rotaries  from  the  generator  and  therefore  its  voltage  may  be 
reduced  greatly  at  the  starting  moment  when  the  converter 
necessarily  takes  a  large  lagging  current,  it  may  not  always  be  the 
best  policy  to  use  the  generator  reactance  alone  for  phase  control. 

Often,  however,  converters  are  started  from  the  direct  current 
side  and  sometimes  by  auxiliary  motors.  Under  these  conditions 
the  generator  might  conveniently  be  made  with  very  high 
armature  reaction. 

In  plants  where  several  converters  are  operated  from  one  gen- 
erator, or  from  a  number  of  generators  in  parallel,  control  by 
generator  reactance  is  not  to  be  recommended,  since  it  involves 
the  change  of  series  field  adjustments  with  the  change  of  gener- 
ator capacity.  The  generators  may  be  made  of  any  armature  re- 
action since  several  of  them  are  used  in  parallel  in  starting,  yet 
it  must  of  course  be  borne  in  mind  even  then,  that  if  the 
armature  reaction  is  too  high,  the  large  current  taken  in  starting 
a  converter  from  the  alternating  current  side,  may  cause  the 
voltage  to  drop  so  far  as  to  seriously  disturb  the  system  in  gen- 
eral. 

Kegarding  converters  themselves,  it  is  obvious  from  the  pre- 
ceding discussion  that  they  must  be  of  composite  type,  that  is, 
they  must  have  shunt  and  series  excitation. 

Shunt  wound  converters  do  not  j)ermit  of  automatic  phase 
control,  but  at  constant  adjustment  of  the  field  will  always  run 
at  the  same  wattless  current  at  all  loads,  so  that,  for  instance, 
if  the  field  is  adjusted  for  non-inductive  load   at  one  load,  the 
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converter  will  run  non-inductively  at  all  loads,  and  there^re  the 
drop  in  voltage  at  full  load  will  correspond  to  the  energy  loss 
in  the  system,  and  the  converter  voltage  will  be  higher  at  lighter 
loads  than  at  heavier  loads,  therefore  will  vary  as  the  load  varies, 
and  phase  control  is  thus  feasible  only  by  hand  regulation, 
that  is,  in  systems  where  the  load  varies  only  slowly  as  in  light- 
ing circuits. 

Reaction  converters  take  lagging  currents  at  all  loads  and  thus 
are  in  general  objectionable,  the  more  so  as  they  do  not  allow 
any  automatic  potential  control. 
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The  striking  distance  is  constant  from  40  to  125  cyclep,  and 
probably  for  some  range  outside  thereof.  At  zero  cycles,  that  is, 
continuous  electrostatic  stress,  a  deviation  may  occur,  due  to  a 
difference  of  the  mechanical  motion  set  up  in  the  medium. 

Of  very  high  frequency  as  100,000  cycles  or  so,  nothing  can 
be  said,  smce  no  means  exist  t>o  measure  voltages  at  such  fre- 
quencies. Calculation  from  the  constants  of  the  circuit  is  not 
Eossible,  since  these  constants  may  be  entirely  changed  at  very 
igh  frequency.  The  ratio  of  transmission  gives  entirely  wrong 
results,  due  to  capacity  and  self-induction,  and  no  instruments 
that  I  know  of  can  measure  the  maximum  values  of  very  high 
frequency  oscillations. 

The  only  means  of  producing  very  high  frequency  is  the  eon- 
denser  discharge,  and  this  does  not  give  constant  potential,  but 
is  a  limited  power  method  in  which  the  potential  depends  upon 
the  conditions  of  the  circuit. 

There  appears  to  me  no  reason,  however,  why  the  striking 
distance  for  a  given  voltage,  with  sufficient  power  behind  to 
maintain  this  voltage,  should  be  different  at  very  high  frequency, 
and  in  the  absence  of  any  satisfactory  means  of  measuring  vol- 
tages at  such  very  high  frequency,  I  should  rather  be  inclined  to 
estimate  voltages  from  the  striking  distance,  even  at  such  fre- 
quencies, and  do  not  believe  that  such  estimates  would  be  very 
far  wronff. 

Regarding  the  reason  for  choosing  the  arrangement  described, 
of  four  separate  transformers,  it  was  done  for  safety,  and  con- 
sidered desirable  when  these  transformers  were  built,  four  years 
ago.  Since  that  time  single  transformers  for  100,000  volts  have 
become  a  standard  article  of  manufacture,  for  testing  purposes, 
and  are  at  this  writing  no  great  curiosity.  But  still,  a  great  dif- 
ference  exists  in  the  electrostatic  stress  at  100,000  and  100,000 
volts. 

Schenectady,  N.  Y.,  Sept.  18.  1898. 
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THE  COMMUTATED  CURRENT  "WAVE   OF  A  COM- 
POSITE-WOUND  ALTERNATOR. 
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The  accompanying  curves  were  taken  by  Mr.  H.  S.  Webb, 
one  of  my  graduate  atndente,  during  a  relative  study  of  tlie  cur- 
rent and  preeeare  waves  in  the  various  branches  of  s  50  kilo- 
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watt  alternator  witli  composite  winding.  The  normal  pressure 
of  tiie  alternator  is  1,100  volttn,  and  the  frequency  is  125  periods 
l>er  second.  The  machine  was  built  several  years  ago  by  the 
Tiiomson-llouston  Electric  Co.,  and  has  the  usual  construction 
4(18 
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of  the  old  belt-driven    alternators  with  ten  field-polee  and  a 
toothed  core,  ribbon-wound  armature.    The  driving  speed  dur- 
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Flo.  8.— External  Ciirtcni  Wave  with  Load  of  34  Amperes. 

ing  the  teats  uae  quite  unsteady,  as  the  uiachine  wao  driven  by 
the  eame  engine  that  drove  two  street  railway  generators,  and 
this  resulted  in  irregularities  which  are  evident  in  the  curves. 
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I  am  not  acquainted  with  any  results  which  bare  heretofore 
been  given  in  the  Tbansactions  of  the  Instittite  or  elsewhere, 
which  show  the  charscteristic  form  of  tbe  eomrantated  current 
waves  in  tbe  series  field  of  an  alternator,  and  I  therefore  present 
these  curves.     Tbe  question   of  the   form   of  tbe   comnintated 
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Fto.  4.— External  Current  Vave  with  Load  of  88  Amperai 
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current   wave  is  mentioned  in  two  or  three  text-books,  but  ex- 
perimentally determined  waves  do  not  appear. 

In  the  series  of  curves  presented  herewith,  Fig.  1  is  tlie  pres- 
sure wave  at  open  circuit,  and  Fig.  8  is  the  pressure  wave  when 
the  armature  current  equalled  22  amperes.     A  comparison  of 
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theee  gires  bd  idea  of  the  extent  of  the  effect  of  armature  re- 
actions on  the  form  of  the  wave.  Fige.  3  and  i  respectively, 
show  the  waves  of  external  current  when  the  load  amounted  to 
24  and  2$  amperes,  the  machine  being  worked  upon  an  incan- 
descent lamp  load  through  partially  loaded  transformers.  Fig. 
5  shows  the  wave  of  commutated  current  in  the  seriea  field  when 
the  external  current  equalled  22  amperee.  Fig.  0  shows  a  simi- 
lar wave  when  the  load  averaged  21  amperes  but  varied  some- 
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what,  and  Fig.  7  shows  a  similar  wave  during  a  period  in  which 
the  load  on  the  madiine  was  dropping  rapidly.  At  the  begin- 
ning of  this  period  the  load  was  2S  amperes.  Fig.  ^  shows  the 
pulsation  of  current  set  up  in  the  circuit  of  the  continuous  cur- 
rent external  exciter,  by  the  pulsations  of  the  magnetism  in  the 
fields  of  the  alternator  when  the  load  is  respectively  2^^,  25 
and  28  amperes. 
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A  comparison  of  the  entemal  ciirreDt  wavee,  aiich  as  are 
shown  in  F'igs.  3  and  4,  with  the  coinnmtated  wsvefl  such  a»  are 
shown  in  Figs  A  and  6,  ehowe  that  the  conimutated  waves 
have  practically  the  same  form  ae  the  original  waven  of  current 
(witli  alternate  loops  inverted)  except  in  regions  occupying 
about  25  degrees  on  either  side  of  the  zero  points  of  the  orig- 
inal waves.  Within  these  regions  the  commutated  waves  do 
not  come  to  zero  and  they  take  a  characteristic  toothed  shape, 
as  is  to  be  expected  from  the  effect  of  the  self-induction  of  the 
iield  windings  when  they  are  «hort-cireuited  by  the  brushes  on 
the  commutator.     There  does  not  appear  to  be  any  immediate 
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connection  in  this  machine  between  the  pulsations  of  the  series 
field  current  and  of  the  current  in  the  separately  ezcited  field. 
The  latter  pulsations  are,  in  fact,  sufficiently  accounted  for 
through  the  effect  of  the  rotation  of  tlie  toothed  armature  and 
the  effect  of  armature  reactions. 

The  points  on  these  curves  were  located  by  a  balance  or 
potentiometer  method  similar  to  that  described  on  pages  2(t6 
and  2!(7  of  Jackson's  "  Alternating  Currents,"  but,  instead 
of  the  usual  galvanometer  or  telephone  receiver,  Mr. 
Burgess'  portable  form  of  capillary  electrometer  (which  is 
described  by  him  in  a  paper  presented  to  this  meet- 
ing) was   used   to  indicate   the  point  of  balance.    This  instru- 
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these  gives  an  idea  of  tlie  extent  of  the  effect  of  armature  re- 
actions on  the  form  of  the  wave.  Figs,  3  and  4  respectively, 
show  the  waves  of  external  current  when  the  load  amounted  to 
24  and  28  amperes,  the  machine  being  worked  upon  an  incan- 
descent lamp  load  through  partially  loaded  transformers.  Fig, 
5  shows  the  wave  of  commutated  current  in  the  series  field  when 
the  external  cnrreot  equalled  2S  amperes.  Fig.  6  sliows  a  simi- 
lar wave  when  the  load  averaged  24  amperes  but  varied  sonie- 
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Flo.  6.— Commiit&teil  Current  W&ve  with  Variable  Loail  averaging  iH  Amperes. 
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wliat,  and  Fig.  7  sliows  a  similar  wave  dnring  a  period  in  which 
the  load  on  the  machine  was  droppiog  rapidly.  At  the  begin- 
ning of  this  period  the  load  was  28  amperes.  Fig.  !^  shows  the 
pulsation  of  current  set  up  in  the  circuit  of  the  continuous  cur- 
rent external  exciter,  by  the  pulsations  of  the  magnetism  in  the 
fields  of  the  alternator  when  the  load  is  respectively  2'A,  25 
and  28  amperes. 
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A  compftrison  of  the  external  current  waves,  eiicli  ae  are 
ehowD  in  Figs.  3  and  4,  with  the  cominutated  waves  Biich  an  are 
shown  in  Fige  5  and  6,  Bhows  that  the  cominutated  waves 
have  practically  the  same  form  aa  the  original  waves  of  current 
(with  alternate  loops  inverted)  except  in  regions  occupying 
about  25  degrees  on  either  aide  of  the  zero  points  of  the  orig- 
inal waves.  Within  these  regions  the  commutated  waves  do 
not  come  to  zero  and  they  take  a  characteristic  toothed  shape, 
as  is  to  he  expected  from  the  effect  of  the  self-induction  of  the 
field  windings  when  they  are  short-circuited  by  the  brushes  on 
the  commutator.     There  does  not  appear  to  be  any  immediate 
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connection  in  this  machine  between  the  pulsations  of  the  series 
field  current  and  of  the  currant  in  the  separately  excited  field. 
The  latter  pulsations  are,  in  fact,  sufficiently  accounted  for 
through  the  effect  of  the  rotation  of  the  toothed  armature  and 
the  effect  of  armature  reactions. 

The  points  on  these  curves  were  located  by  a  balance  or 
potentiometer  method  similar  to  that  described  on  pages  2ft6 
and  21*7  of  Jackson's  "  Alternating  Currents,"  hut,  instead 
of  the  usual  galvanometer  or  telephone  receiver,  Mr. 
Burgess'  portable  form  of  capillary  electrometer  (which  is 
described  by  him  in  a  paper  preMoted  to  this  meet- 
ing) was   used   to  indicate   the  point  of  balance.    This  instru- 
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lueiit  has  been  used  in  tracing  alternating  current  curves  by 
quite  a  number  of  my  students,  and  it  is  the  unanimous  verdict 
that  the  instrument  greatly  increases  the  convenience,  the  accur- 
acy«  and  the  speed  of  the  method.  We  have  had  a  number  of 
the  instruments  in  use  during  the  past  winter  and  have  found 
them  perfectly  portable,  difficult  to  injure,  and  practically  un- 
affected by  external  influences. 


A  pa^fr  presented  at  the  i^th  General  Meeting 
of  the  American  Institute  of  EUctricat  En- 
/rineersy  Omaha^  June  ttqih^  1898^  President 
Ken  nelly  in  the  Chair. 


SOME  TESTS  WITH   AN   INDUCTION   GENERATOR 


BY    A.    F.    MC  KIS8ICK. 


It  has  been  pointed  out  by  several  cngine.ers,  especially  by  Mr. 
Charles  P.  Steinmetz,  that  an  induction  motor,  driven  mechanic- 
ally at  a  speed  above  synchronism,  will  act  as  a  generator,  and 
that  for  its  operation  as  a  generator  there  must  be  connected  to 
it  either  an  alternator  or  a  synchronous  motor. 

In  an  article  published  in  the  EUctincal     Worlds   Jan.  21, 

1893,   by  Mr.  E.  Danielson,  the  following  experiment  is  de- 

ecribed  :  "  A  three-phaser  a  of  50  volts  (as  measured  from  the 
neutral  point  to  each  of  the  brushes),  and  with  a  current  capacity 
of  about  60  amperes,  sent  current  to  a  motor  b,  with  inductive 
winding  of  about  the  same  capacity.  The  motor,  by  means  of 
a  belt,  ran  a  continuous  current  dynamo,  c  of  330  volts  and  16 
amperes.  The  matters  were  reversed  so  that  dynamo  c,  fed 
from  a  330-volt  circuit,  ran  the  motor  b  as  a  generator,  sending 
a  rotary  current  to  the  three-phaeer  a,  which  then  became  a 
motor.  The  belt  was  then  thrown  off  of  a,  and  trials  were 
made  to  break  it  out  of  step  with  the  current,  but  without  suc- 


cess." 


Again  in  the  excellent  paper  of  Mr.  Charles  P.  Steinmetz  on 
"  Induction  Motors  "  presented  before  the  American  Institute 
OF  Electrical  Engineers  on  July  26,  1897,  the  use  of  an  in- 
duction motor  as  a  generator  was  referred  to  as  follows  :      "  As 

generator  the  induction  machine  differs  from  the  synchronous 
alternating  current  generator,  or  generator  with  constantly 
excited  field,  in -so  far  as  the  latter  can  yield  current  and  output 
at  any  ])ower  factor,  that  is,  any  phase  displacement  correspond- 
ing to  the  load,  while  in  the  induction  generator  at  given  ter- 
minal voltage  to  every  value  of  current  output  a  certain  power 
factor  of  load  corresponds.  That  is,  to  derive  a  certain  value 
of  current  from  the  induction  generator,  the  total  load  put  on  it 
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must  have  the  particular  power  factor  corresponding  to  this  cur- 
rent, and  besides  leading  current  or  if  the  power  factor  of  the 
load  changes,  current  and  voltage  of  the  induction  generator 
will  change  accordingly.  In  consequence  thereof,  in  general 
the  induction  generator  is  stable  only,  if  at  least  a  part  of  the 
load  consists  of  synchronous  motors. 

In  the   discussion  that  followed  this  paper,   Mr.    Steinmetz 

speaks  further  of  the  induction  generator  as  follows :     "  The 

induction  generator  is  a  very  important  piece  of  apparatus,  1 
believe.  It  is,  however,  somewhat  restricted  in  its  application, 
due  to  the  necessity  of  having  as  load  a  circuit  of  leading  cur- 
rent. But  whenever  the  conditions  are  such  that  it  can  be  used, 
as  for  operating  synchronous  motors  or  rotary  converters,  this  type 
of  machine  has  tne  great  advantage  of  the  absolute  absence  oi 
continuous  current  exciting  circuits,  collector  rings,  or  any  other 
parts  requiring  attention.  The  voltage  is  generated  in  a  station- 
ary structure  and  the  revolving  part  is  a  solid  structure  of  iron 
and  copper  bars.  Furthermore,  as  soon  as  the  circuit  is  opened 
or  short-circuited,  the  power  is  gone  and  the  machine  is  dead,  so 
that  you  get  here  a  type  of  alternator  requiring  no  attention 
whatever.     Besides  you  can  run  it  at  different  speeds  and  still 

?;et  the  same  frequency  out  of  it.  There  is  another  interesting 
eature  noticeable  when  comparing  the  induction  motor  curves 
and  the  induction  generator  curves.  The  same  machine  as  in- 
duction generator  gives  a  considerably  larger  output  electrically 
than  as  induction  motor  mechanically.  In  a  future  paper  I 
shall  dwell  more  particularly  on  the  induction  generator,  and 
may  mention  here  only  that  I  have  operated  synchronous  motors 
from  an  induction  generator,  the  mechanical  output  from  the 
synchronous  motor  driven  by  the  induction  generator  was  larger 
than  the  maximum  mechanical  output  -which  could  be  derived 
from  the  same  induction  machine  as  induction  motor." 

The  results  of  the  tests  made,  show  close  agreement  with  the 

theory  as  given  by  Mr.  Steinmetz. 

Apparatus. 

The  tests  described  in  this  paper  were  made  with  a  (General 
Electric  5-h.p.,  8-phase  220-volt,  G- pole,  OO-cycle  induction  motor 
(with  starting  resistance  in  secondary  rotating  element),  driven 
by  a  10-H.p.  110-volt  Thomson-Houston  direct  current  motor. 

The  machine  used  as  an  alternator  and  synchronous  motor  in 
the  tests  was  an  "Ideal''  5-kilowatt  B-phase,  r»0-cycle,  10-pole, 
220-volt  machine,  and  could  be  belted  either  to  a  jack-shaft  or 
to  a  3-kilowatt-Edison-125-volt  dynamo. 
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The  curves  in  Fig.  1  show  the   operation  of  the  induction 
macliine  as  a  motor  with  varying  output. 

Part  I. 
In  the  tests  under  this  head,  the  belt  connecting  the  Ideal  al- 
ternator to  the  jack-shaft  was  in  each   case  thrown   oflE  after 
starting  and  the  alternator  run  as  a  synchronous  motor,  either 
empty  or  driving  the  8  kilo- watt-Edison  dynamo. 


3  4 

OUTPUT  IN  KILOWATTS 


1200 

1 

1        1 

"■ °-'           u     1        II      J 

1 

_SPEED 

"^1120 

/       1 

1 

1040 

Fjo.  1. 

Curve  of  Magnetization, — The  method  of  making  this  test  is 
as  follows :  Start  induction  motor  from  Ideal  alternator,  the 
10-H.  r.  direct  current  motor  being  belted  to  the  induction 
machine,  when  up  to  speed,  supply  current  to  10-h.  p.  direct  cur- 
rent motor,  driving  induction  machine  near  synchronism,  and 
throw  oflE  belt  connecting  alternator  to  jack-shaft.  This  alterna- 
tor will  then  run  as  a  synchronous  motor,  receiving  its  current 
from  the  induction  machine,  which  is  now  being  driven  as  a 
generator  by  the  10-h.  p.  direct  current  motor  \>«\\;ftdL  \»  W.. 
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By  Tftrying  the  exciting  field  current  of  the  ejnclironous 
motor,  the  voltage  of  the  induction  generator  is  varied,  and 
from  the  readings  of  field  carreot  in  eyncbronous  motor  and 
voltage  at  terminals  of  induction  generator,  the  curve,  marked 
"Induction  generator"  in  Fig,  2  is  obtained. 

The  magnetization  of  the  Ideal  alternator  is  also  given  in  Fig. 
2,  which  is  almost  identical  with  the  magnetization  curve  of  the 
induction  generator. 

Test  With  Induction  Generator  Driving  Syt\chronoiis  Motor 
Loaded. — In  this  test  the  alternator  was  made  to  run  as  a 
synchronous  motor  by  the  induction  generator  as  before,  and  then 
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belted  to  the  S-kilowatt-Edlson,  driving  this  machine  as  a 
dynamo. 

The  results  of  this  test  are  shown  in  Fig.  3. 

In  making  the  calculations  for  efficiency,  the  energy  required 
for  the  excitation  of  the  synchronous  motor  fields  was  charged 
up  against  the  synchronous  motor. 

Fig.  4  gives  the  results  of  the  following  test :  With  the  con- 
nections the  same  as  in  the  preceding  test,  and  the  load  on  the 
3  kilowatt  Edison  maintained  constant,  the  voltage  of  tlie  in- 
duction generator  was  varied,  and  corresponding  current,  watt 
and  speed  readings  recorded. 
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The  voltage  was  varied  from  260  to  1*25,  the  syDchronoiis 
motor  falling  out  of  step  on  attempting  to  lower  the  voltage  to 
100. 

Curve  A  gives  the  variation  of  supply  current  with  field 
current,  curve  b  variation  of  supply  current  with  voltage 
of  supply,  and  curve  c  is  plotted  between  power  factor  and 
voltage  of  supply. 


A-pFlCIENCY  AND   OUTPUT 
B-lfOW£R  FACTOR" 

C- Current 
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It  is  interesting  to  note  the  similarity  between  the  general 
shape  of  curve  a  and  the  curve  plotted  between  the  same 
co-ordinate  values  as  curve  a,  obtained  from  a  synchronous 
motor  with  constant  load,  supplied  with  alternating  current  at  a 


MCK/SSICK  ON  tSDUCriON  HKNERATOR.        [June  20, 


,  • 

, 

M 

V0LT8 

, 

s 

^, 

UPPl 

cu> 

RENT 

*HQ 

eLO   :UHB 

NT 

i 

c- 

OWE 

r*c 

OR 

UPPL 

VOL 

^ 

i 

^ 

■* 

^ 

^-*. 

» 

«B 

--y 

/ 

/ 

^ 

/ 

/ 

<C 

.u 

\\ 

/ 

/ 

/ 

\ 

s 

/ 

/ 

■ 

'' 

\ 

/ 

^ 

V 

-X 



'■ 

? 

A.P 

,w. 

m 

loR 

MO 

SUPP 

.TV 

ILTB 

i 

a.  a 

IPPI 

" 

tna 

r 

\   » 

■~^ 

^ 

V 

^ 

■^ 

'. 

\ 

" 

-^ 

__ 

/ 

\ 

■~ 

-7 

c ^g 

M 

\ 

i      -^ 

"'" 

\ 

J^ 

\ 

1 

/ 

^ 

^1 

»    -[ 

^ 

1898.] 


MCKISSICK  ON  INDUCTION  OENEBAIOB. 


415 


constant  pressure,  and  also  the  similarity  between  the  curves  in 
Fi^.  4  and  those  in  Fig.  5,  which  were  taken  with  the  induction 
machine  run  as  a  motor,  the  load  being  kept  constant  on  the 
motor,  but  the  supply  voltage  varied. 

It  will  also  be  noted  that  in  both  tests  the  power  factor  in- 
creased uniformly  with  decrease  of  voltage. 

71k/  of  Induction  Generator  loith  Lamp  Load. — The  induc- 
tion generator  was  started  as  before,  and  a  lamp  load  that  could 
be  varied,  put  on,  it  of  course  being  necessary  to  run  the  syn- 
chronous motor  empty. 


12  3  4  5 

OUTPUT  IN  KILOWATTS  FROM  INDUCTION  QENERATOR 

The  load  in  lamps  was  varied  from  zero  to  the  full  load  of 
the  induction  generator,  with  the  results  as  shown  in  Figs.  6 
and  7. 

In  calculating  the  results  shown  in  Fig.  r>,  the  watts  supplied 
to  the  alternator  running  as  a  motor,  and  to  the  lamps,  was^ 
taken  as  the  output  of  the  induction  generator,  the  eflSciency 
being  this  output  divided  by  the  input  to  the  induction 
generator,  and  the  power  factor,  this  output  divided  by  the  total 
a{)parent  watts  from  the  induction  generator. 

In  Fig.  7  the  fact  that  the  energy  delivered  to  the  alternator, 
and  that  required  for  the  excitation  of  the  alternator  fields, 
(!oe8  no  useful  work,  is  taken  into  account.     So  in  calculating 
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the  resultB  in  Fig.  7,  the  watte  BiippHed  to  the  lamps  were  consid- 
ered M  the  output,  the  effieiency  being  this  output  divided  by 
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the  input,  and  the  power  factor  this  output  divided  by  the  total 
apparent  watts  from  the  indoction  generator. 
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iS(/nc/tronous  Operation  of  Alternator, — The  speed  of  the  in- 
duction generator  was  varied,  the  voltage  of  supply  being 
maintained  constant,  and  corresponding  readings  of  speed  taken 
on  alternator  running  as  a  synchronous  motor,  which  showed 
that  motor  ran  in  synchronism  with  induction  generator.  The 
results  are  shown  in  Fig.  8,  the  full  line  representing  the  syn- 
chronous speed  line,  the  small  circles  the  points  found  from 
readings. 


I  I 

OUTPUT  IN  KILOWATTS 


FlO.   9. 

In  this  test,  and  all  preceding  tests,  the  belt  connecting  alter- 
nator to  jack-shaft  was  thrown  off,  after  the  starting  up  of  the 
induction  generator. 

Part  II. 

In  the  tests  under  this  head,  the  belt  connecting  the  Ideal  al- 
ternator to  the  jack-shaft  was  not  removed. 

Teat  of  laduction  Generator^  fm^nuhhiy  current  to  alterna- 
tor.— The  induction  generator  was  started  up  as  usual,  and  its 
npeed  gradually  increased  from  below  synchronism  to  about  six 
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per  ceot.  above  synclironiflin,  readiogG  taken  as  usual.  The  al- 
ternator was  therefore  mo  as  a  motor  and  helped  to  drive  the 
jack-shaft. 

The  reaalts  are  plotted  ia  Fig.  ?,  which  will  he  found  hv  com- 
parison to  reaenible  the  curves  constructed  hj  Mr.  Steinnietz.' 

It  is  intereflting  to  note  in  connection  with  this  test  the  read- 
ings on  the  two  wattmeters,  as  shown  in  Fig.  10. 

At  tlie  beginning  of  the  test  before  the  indnction  motor  was 
speeded  up,  readings  were  taken  on  the  two  wattmeters,  and  as 
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the  power  factor  was  below  50  per  cent.,  the  reading  on  one 
wattmeter  (No.  2)  was  negative,  hence  its  connectionB  liad  to 
be  reversed,  and  while  its  connections  were  reversed,  the  differ- 
ence of  the  two  wattmeter  readings  represented  the  total  tine 
watts.  As  soon  as  current  was  turned  on  the  shunt  motor 
(insufticient  however  to  make  this  machine  act  as  a  motor  and 

1.  Trinsictions,  vol.  liv.,  p.  203. 
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drive  the  induction  machine),  the  load  on  the  induction  motor 
was  decreased,  the  power  factor  decreased,  and  the  correspond- 
ing wattmeter  readings  are  shown  in  Fig.  10. 

On  furnishing  sufficient  potential  to  the  shunt  motor  to  make 
it  act  as  a  motor,  and  drive  the  induction  motor  as  a  generator, 
the  readings  on  wattmeter  No.  1  diminished  and  finally  became 
negative  (necessitating  a  changing  of  its  connections),  while  the 
readings  on  wattmeter  No.  2  continue  to  increase  as  shown,  and 
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always  negative.  Under  these  conditions,  the  total  watts  will  be 
the  sum  of  the  two  wattmeter  readings,  and  as  the  sum  is  nega- 
tive, the  induction  generator  is  supplying  energy  to  the  Ideal  al- 
ternator. 

2\'f<t  with  Inrf fiction  (fenerator  futmuhing  Current  to  IdeaJ 
AlteniatifT  and  to  a  Bank  of  Lamps, — This  test  is  the  same  as 
tlie  preceding  one,  except  that  a  bank  of  lamps  is  connected  to 
the  three-phase  terminals.  At  the  beginning  of  the  test,  the 
alternator  furnished  current  to  both  induction  motor  and  lamps, 
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when  on  speeding  up,  the  induction  motor,  now  rnnning  as  a 
generator,  supplied  current  to  both  lamps  and  alternator,  which 
at'ts  as  a  motor  helping  to  drive  the  jack-shaft. 

T)ie  resalta  of  these  tests  are  shown  in  Fig.  11. 

Curve  B  is  plotted  with  induction  motor  output  ae  ordinates 
and  number  of  revolutions  per  minute  above  synchronism  as 
abscissie.  At  first  the  ootpnt  is  negative,  which  indicates  that 
the  motor  is  receiving  energy  from  the  alternator;  at  11   revolu- 
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tions  per  minute  above  synchronism  it  commences  to  act  as  a 
generator,  and  at  ^2  revolutions  it  ia  furnishing  energy  to  both 
alternator  and  lamps. 

As  pointed  out  by  Mr.  Steinmetz,  tlie  induction  generator  can 
be  rnn  at  different  speeds  and  still  the  same  frequency  obtained 
from  it.  For  proof  of  this,  a  small  induction  motor  was  con- 
nected in  the  above  test  to  the  three-phase  maina  and  run  with 
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no  load.  Variation  of  the  speed  of  the  indnction  generator 
from  aynchroniBm  to  20  per  cent,  above  synchronism,  did  not  in 
any  way  affect  the  speed  of  the  little  indnction  motor,  ita  speed 
remaining  constant,  which  was  almost  synchronous  with  the  Ideal 
alternator. 

Of  course  the  above  will  not  hold  true  when  the  conditions 
are  as  described  in  Fig.  8. 

On  attempting  to  make  some  tests  with  this  indnction  genera- 
tor as  a  single-phase  instead  of  a  three-phase  machine,  it  was 
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found  that  the  current  required  by  the  motor  when  running  as 
a  synchronous  motor  (with  belt  connecting  alternator  to  jack- 
ehaft  thrown  off)  was  excessive,  bo  that  this  test  had  to  be 
abandoned. 

[■'^e't  of  Iiuiwtiim  (ieiieratof.—The  most  probable  use  of  the 
induction  generator  will  be  for  boosting.  Mr.  Kelly  has  discov- 
ered {Klectrlcal  ^\'(lrh/,  March  20,  1897),  that  an  indnction  gen 
erator,  having  its  field  coils  in  series  with  the  mains,  will  act  as 
a  booster  or  feeder  regulator,  and  that  this  action  as  a  booi^ter 
at  any  particular  speed  above  synchronism,  will  depend  upon 
the  amount  of  current  supplied  to  the  field  m&gneta.  ^^ 
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In  order  to  use  an  induction  generator  ae  a  booster,  the  fields 
are  connected  in  series  with  the  main  line,  and  the  indnction 
generator  driven  above  synchronism.  With  no  current  flowing, 
there  will  be  no  boosting  action,  but  as  soon  as  current  Howe, 
the  boosting  action  commences,  its  amount  depending  upon  the 
current  flowing  in  tlie  mains,  and  this  amount  for  a  given  cur- 
rent may  be  varied  by  varying  the  speed  of  the  induction  genera- 
tor. So  that  by  the  use  of  an  induction  generator  as  a  booster,  we 
get  a  machine  witli  no  brushes,  collector  rings  or  commutator. 
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In  ease  the  induction  motor  should  ever  be  used  for  the  pro- 
)iolaion  of  street  cars,  its  action  as  an  induction  generator,  when 
driven  above  synchronism,  could  be  taken  advantage  of  in  de- 
scending grades,  thus  pumping  back  energy  into  tlie  line,  doing 
away  with  braking  to  a  great  extent. 

Teat  of  Induction  Generator  at  a  Jiou^ter. — The  induction 
generator  and  alternator,  used  in  the  above  experiments,  were 
connected  in  series  as  single-phase  machines,  with  a  bank  of 
lamps  and  readings  taken  to  determine  its  boosting  action. 

In  the  tirsf  test  as  a  booster,  the  speed  was  maintained  con- 
stant at  1,300  revolutions  per  minute  (synclironons  speed  1,230) 
and  the  current  flowing  in  the  mains  varied  from  zero  to  the 
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full  load  current  of  alternator,  by  adding  lamps  in  lamp  board. 
The  results  obtained  are  shown  in  P'ig.  12. 

In  the  second  test  the  speed  of  the  induction  generator  was 
varied  between  wide  limits,  the  alternator  e.  m.  f.  being  main- 
tained constant,  and  also  the  number  of  lamps  connected  in 
series  with  the  two  machines. 


120       140 
VOLTS 

Fio.  16. 


160       180      200      230 


The  results  are  shown  in  Figs.  13,  14  and  15. 

In  Fig.  13,  the  results  show  that  the  potential  difference 
around  the  induction  generator  terminals  increased  from  28  voltP 
at  rest,  to  125  volts  at  a  speed  of  1,235  revolutions  per  minute, 
and  that  a  slight  increase  in  speed  caused  the  macthine  to  supply 
K.  M.  F.,  in  other  words,  to  act  as  a  generator.  This  change,  it 
will  be  noticed,  is  very  sudden,  going  from  a  negative  w\^xycwv\v 
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to  a  positive  maximum  in  about  10  revolutions.  Several  attempts 
were  made  to  get  iotermediate  points  between  these  two 
maxima,  but  without  soccesa. 

Fig.  14  gives  the  curves  of  amperes  and  "  lampE.  m.  f's.,'"  this 
last  expreesiou  being  the  potential  difference  around  the  lamp 
terminals. 

Fig.  15  shows  the  variation  of  the  "lamp"  and  "induction 
generator  e.  m.  f's.,"  polar  co-ordinates  being  used.  For  all 
points  within  the  dotted  arc  d,  the  induction  generator  causes  a 
drop  in  potential,  and  for  all  points  without  this  arc  the  induc- 
tion generator  supplies  potential  to  the  system.     The  method  of 
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construction  of  this  curve  is  simply  the  location  of  the  vertices 
of  the  different  triangles  of  e.  m.  f's.  In  this  ligure  tlie  pninta 
of  the  curve  are  numbered  and  the  corresponding  speed  readings 
given  in  table. 

It  is  interesting  to  note  the  similarity  between  tlie  curves  in 
Figs.  13  and  14  and  the  one  for  torque  and  slip,  given  in  Fig. 
16,  taken  from  Mr.  S tein me tz's  paper  on  "Induction  Motors," 
While  the  results,  shown  in  these  curves,  were  taken  under 
somewhat  different  conditions,  still  the  action,  when  the  motor 
is  driven  near  synchronism,  is  strikingly  similar. 


A  Fa^er  ^rtstnUtl  at  the  i^tk  Gtneral  Meeting 
of  the  American  Institute  of  Eltctricai 
Engineers^  Omaha,  June  20^  /JtyY,  President 
Ken  nelly  in  the  Chair. 


THE  EVOLUTION  OF  THE  LINE  SIGNAL. 


BY    ARTHUR    VAUGHN    ABBOTT. 


A  careful  observer  at  the  first  great  American  Exposition,  the 
Pliiladelphia  Centennial,  might  have  noticed  a  tine  wire  running 
along  a  gallery  in  Machinery  Hall,  terminating  at  either  end  of 
the  building  in  a  small  closet.  Continued  investigation  would 
have  disclosed  a  curious  trumpet  shaped  apparatus  into  which 
the  wire  extended,  whereby  an  attentive  listener  could,  with  the 
aid  of  a  vivid  imagination,  distinguish  articulated  sentences 
delivered  at  the  other  extremity  of  the  wire.  8uch  was  the  first 
public  exhibition  of  the  telephone,  whereby  the  transmission  of 
speech  by  electricity  became  a  fact,  and  in  the  quarter  of  a  century 
which  has  since  elapsed,  electrical  arachnids  have  been  so  in- 
dustriously spinning  a  copper  w^eb  that  upwards  of  600,000  miles 
of  telephone  wire  now  cover  this  continent,  placing  some  400,000 
persons  in  talking  relations  with  each  other,  and  annually  trans- 
mitting about  900,000,000  messages.  But  the  invention  of  the 
telephone  .was  only  half  the  solution  of  the  transmission  problem, 
for  the  instrument  itself  was  useless  without  the  necessary  con- 
necting circuit.  Receivers  and  transmitters  are  now  much  the 
siune  that  they  were  twenty  years  ago,  but  a  vast  amount  of  skill 
and  ingenuity  has  been  expended  upon  apparatus  for  rapidly, 
effectually  and  economically  placing  subscribers  in  talking 
relations  with  each  other  and  the  telephonist  of  to-day  is 
esKentially  a  "Transmission  Engineer.-' 

When  telephonic  communication  is  limited  to  two  persons,  it  is 
simplicity  itself  to  connect  them  by  the  requisite  circuit,  and  pro- 
vide   proper   signals   to   attract   attention   to   the   reception    of 

messages,  but  when  the  correspondents  in  a  single  municipalit! 
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are  to  be  nutiil>ered  1>y  thousands  am)  tens  of  tliouaanda,  it 
is  plijiiica]tj  and  financiall;  impossible  to  erect  a  line  from  each 
station  to  all  of  tlie  others,  so  early  telephone  undertakings 
developed  the  idea  of  the  •'  central  office,"  to  which  lines  from 
all  RubscriherB  in  the  immediate  vicinitv  converge,  e<inipixd  with 
the  necessary  paraphernalia  for  intert'unnecting  at  pleasure  ant- 
pair  of  circuits.  To  carry  ont  the  exchange  system,  the  first 
requisite  is  to  provide  each  circuit  with  some  form  of  apparatus 
whereby  the  )>crson  desiring  to  send  a  message  may  gain  the 
attention  of  the  central  office  attendant.   As  the  early  telephonista 


comprifted  many  recruite  from  the  "locksmith  ami  iKill-hanger 
scbool,"  to  which  the  degree  of  "electrician"'  had  recently  Iweii 
added  on  account  of  a  supposed  familiarity  with  tLt-  installation 
of  electric  bells,  it  is  not  surprising  that  the  carliiict  line  signal 
was  the  then  crude  form  of  hotel  annunciator.  It  consisted,  as 
ie  shown  on  the  left  of  Fig,  I,  of  a  pair  of  iiulky  spools  wound 
with  cotton  covered  wire,  over  which  an  armature  wm  pivoted, 
carrying  a  catch  that  normally  retained  in  a  vertical  position  a 
door,  or  shutter.  Electrical  excitement  of  the  spools  released  the 
catch  and  allowed  the  shutter  to  full  forwuriJ.  disclosing  a   name 
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*tr  niiinl>Gr  painted  upon  its  inner  eurface.  From  the  falling 
sliutter,  this  piece  of  apparatus  obtained  the  euphoniouB  name  of 
"drop."  and  as  originally  designed  it  was  exceedingly  clninBy, 
ocotipying  a  space  of  2  "  x  3  J  ",  so  but  a  verj-  slight  exhibition 
of  mwlianical  skill  sufficed  to  retine  and  eompaet  it  to  a  notable 
degree.  develo])ing  the  form  shown  upon  the  right-hand  of  Fig. 
1.  When  it  was  attempted,  however,  to  set  annunciators  of  this 
description  in  sufficient  proximity  to  each  other  to  place  before  a 
single  operator  such  a  number  of  lines  as  it  was  possible  for  one 
peri-on  to  adequately  serve,  much  difficulty  was  experienced,  due 
to  the  cross-talk  developed  by  magnetic  leakage  between  the 
spools  of  adjacent  signals. 


Increased  mechanical  skill  and  electrical  knowledge  obviated 
the  crosii-t^ilk  difficulty  by  ironcladdirig  as  shown  in  Fig.  2.  and 
in  this  form,  known  as  the  ''tninilar  drop,"  the  line  signal 
remained  in  st'iln  gici  for  a  number  of  years,  and  is  still  very 
widely  employed  ]iut  in  spite  of  improved  mechanical  and 
electrical  details  the  tubular  drup  proved  itself  to  be  anything 
hut  an  efficient  signal.  The  falling  shutter  frequently  did  not 
attract  the  notice  of  the  operator,  even  though  the  latter  were 
careful  and  attentive.  Accumulation  of  dust,  either  around  the 
trunnion^  snpporting  the  armature,  or  under  the  shutter  book, 
prevented  the  shutter  from  falling,  and  if  adjusted  for  maximum 
seuKitiveness,  the  i^liglitest  earth  current,  or  the  discharge  from  a 
summer  thunder  sLuwer  was  often  sufficient  to  display  the  sigatJib^. 
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of  an  entire  switchboard.  It  is  necessary  to  manually  restore  the 
shutter  every  time  it  falls,  thus  necessitating  a  considerable 
expenditure  of  time  and  energy  for  this  purpose,  and  so  the  next 
step  was  the  so-called  self-restoring  drop  shown  in  Fig.  3. 
Here  great  skill  has  been  displayed  in  mechanically  designing 
and  constructing  the  signal.  The  head  of  the  drop  is  provided 
with  a  double  shutter,  one  thick  and  heavy  of  iron,  retained  in 
its  place  by  a  lever  catch  connected  to  the  rear  armature ;  the 
other,  a  thin  outer  flap  of  aluminium  that  normally  conceals  the 
number  painted  upon  the  iron  disk.  Electrically,  as  shown  in 
Fig.  4,  there  are  two  spools.   The  right-hand  winding  is  designed 
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Fig.  4. 


for  the  calling  circuit,  and  when  excited  attracts  the  rear  armature 
of  the  drop,  lifting  tlie  catch  and  allowing  the  heavy  iron  shutter 
to  fall  forward,  thus  raising  the  aluminium  flap  and  disclosing  the 
number.  The  other  winding  comprises  the  restoring  circuit 
consisting  of  a  smaller  spool  which  niav  he  excited  by  a  battery 
controlled  by  the  operator  in  front  of  whom  the  drop  is  placed, 
the  magnetism  thus  developed  being  sufficient  to  pull  the  heavy 
iron  shutter  back  into  its  place,  allowing  the  aluminium  flap  and 
catcli  to  return,  thus  restoring  the  drop  to  its  calliiig  position. 

Line  signals  should  possess  five  characteristics. 

Ist.     Certainty  in  operation. 

2nd.   Ability  to  immediately  attract  attention. 
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3rd.    PoBitiveneae  in  tlie  information  conveyed. 

rlth.    Compactness. 

■'>th.    Automatic  Operation. 

The  attempt  to  simultaneously  attain  all  of  these  features  haa 
}£iven  rise  to  hosts  of  devices  wliich,  for  purposes  of  claseification, 
may  be  roughly  divided  into  three  groups: 

let.     Electric  Signals, 

2nd.   Electro-ilechanical  signals. 

3rd.    Luminous  Signnls. 

The  self -restoring  drop  is  the  best  illustration  of  a  signal  of  the 
tiri-t  class.     The  excitation  of  the  tripping  coil  by  the  subscribers' 
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ringing  current  exhibits  the  signal,  while  with  the  second  circuit 
the  operator  electrically  restores  the  signal  to  its  normal  position. 
The  second  division  ia  exemplified  by  the  devices  shown  in  Figs. 
.^1  and  t).  The  contrivnnce  illustrated  in  Fig.  o  is  a  particularly 
siiffC!>.sful  one,  as  it  isrelijible,  compact  and  automatic.  It  con- 
Ki^ts  of  a  spool  surrounded  by  a  pivoted  sheet  iron  armature. 
Xnnnallv,  the  armature  occupies  the  position  thown  at  the  right- 
hand  of  tlie  illustmtion  and  i.-i  out  of  sight,  but  on  exciting  the 
spix'l  the  magnetization  induced  causes  the  armature  to  rise  into 
the  position  shown  at  the  left  of  the  illustration,  displaying  the 
iinniber  painted  upon  the  face  of  the  armature.  From  the  method 
>)f  i>peration,  thi$  signal  has  received  the  suggestive  cognomen  of 
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*'  tip-up."  Unfortunately  this  signal  is  only  well  adapted  for  use 
where  battery  currents  are  employed,  as  it  is  not  so  effective  with 
alternating  currents,  and  in  order  for  the  signal  to  remain  visible 
the  magnet  must  be  continuously  excited.  The  arrangement 
shown  in  Fig.  6  is  ingenious  and  seems  to  possess  much  merits 
but  has  never  received  a  wide  application.  The  usual  exciting^ 
spool  is  supplied  with  a  pair  of  projecting  pole-pieces  which  sur- 
round a  slightly  inclined  tube.  Jn  this  tube  a  silvered  steel  ball 
is  placed  and  the  tube  so  inclined  that  normally  the  ball  rolls  out 
of  view.  When  the  spool  is  excited  the  magnetization  developed 
causes  the  ball  to  roll  forward  and  to  project  through  a  plate 
covering  the  orifice  of  the  tube,  which  also  prevents  it  from 
being  expelled  and  lost. 

Many  forms  of  luminous  signals  have  been  suggested  but  the 
only  one  in  successful  operation  at  present  is  the  miniature 
incandescent  lamp  which  has,  on  the  whole,  proven  its^elf  of  the 
greatest  value.  So  far  as  the  writer  can  ascertain,  the  idea  of 
employing  incandescent  lamps  for  signal  purposes  arose  with  Mr. 
J.  J.  O'Connell  of  the  Chicago  Telephone  Co.,  who  suggested  in 
1888,  the  employment  of  an  incandescent  lamp  upon  burglar 
alarm  circuits  in  order  to  permit  the  legitimate  occupant  of  a 
protected  room  to  send  to  the  alarm  office  an  identification  signal 
whereby  his  entrance  to  the  pretnises  could  be  made  known. 

In  the  latter  part  of  the  summer  of  1M)0  some  of  the  trunk 
lines  in  use  in  Chicago  were  provided  with  disconnect  signals 
using  miniature  incandescent  lamps.  At  the  receiving  office  the 
trunk  lines  terminated  in  the  ordinary  cords  and  plugs  used  upon 
a  telephone  switchboard,  in  front  of  each  of  which  an  incandescent 
lamp  was  located.  So  long  as  the  line  was  in  use  a  relay  in  con- 
junction therewith  was  excited  by  battery  current  flowing  over 
the  line,  and  its  armature  drawn  up.  As  soon  as  conversation 
was  completed  the  operator  at  the  originating  office  withdrew  the 
plug  from  the  trunk  line  jack  at  that  office,  thus  opening  the 
battery  circuit  and  causing  the  relay  to  be  de-energized ;  the 
release  of  the  relay  armature  completed  a  local  battery  circuit, 
illuminating  the  incandescent  lamp.  The  operator  at  the  receiv- 
ing office  noticing  the  illumination  of  the  lamp  was  thereby  in- 
formed that  conversation  was  completed  and  instructed  to  remove 
the  trunk  line  plug.  As  the  local  lamp  circuit  was  carrie<l  through 
the  operator's  listening  key,  the  placing  of  this  key  in  the  testing 
position  extinguished  the  lamp.     A  very  short  experience  served 
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to  demonstrate  the  superiority  of  incandescent  lamps  over  any 
other  form  of  signal,  for  the  illuminated  lamp  was  at  once  eo 
positive  and  distinct  as  to  instantly  attract  the  attention  of  the 
operator,  thus  markedly  accelerating  switchboard  work.  As  a 
result  of  this  experience,  most  of  the  trunk  lines  in  the  main 
office  of  the  Chicago  Telephone  Company  were  rapidly  supplied 
with  lamp  signals. 

In  the  spring  of  1893  it  was  proposed  to  re-equip  a  large  mul- 
tiple board  in  the  Chicago  exchange  with  self-restoring  drops,  but 
the  expense  and  difficulty  of  this  change  caused  the  management 
to  hesitate,  and  at  this  time  the  writer  suggested  the  employment 
of  incandescent  lamps  as  subscribers'  line  signals  on  the  ground 
of  greater  economy  in  space,  and  in  installation,  as  well  as  im- 
proved signal  efficiency.  More  conservative  telephonists  doubted 
the  wisdom  of  such  a  recommendation,  fearing  that  the  numerous 
relay  contacts  would  be  a  perpetual  source  of  trouble,  and  no 
further  steps  were  taken  with  this  project.  In  the  winter  of  18V»4: 
a  new  type  of  switchboard  known  as  the  "express  board"  was 
introduced.  As  this  board  was  designed  to  meet  the  wants  of 
metallic  circuit  subscribers,  particularly  those  whose  telephonic 
business  was  large,  it  was  decided  to  provide  incandescent  lamp 
line  signals.  The  circuit  of  this  board  was  so  arranged  that  on 
the  removal  of  the  subscriber's  receiver  from  its  suspending 
hook,  the  movement  of  the  hook  closed  the  circuit  and  allowed 
battery  current  to  flow  through  the  line.  This  current  actuated 
a  relay  at  the  exchange,  in  the  local  of  which  the  signal  was 
placed,  situated  behind  a  ground  glass  shade  upon  which  the 
number  of  the  subecriiier  was  painted.  The  illumination  of  this 
disk  displayed  a  very  distinct  and  conspicuous  signal  that  imme- 
diately attracted  the  operator's  attention.  Notwithstanding  some 
apprehension  as  to  the  poFsibility  of  trouble  with  relay  contacts 
the  service  given  by  the  lamp  signal  was,  on  the  whole,  so  satis- 
factory as  immediately  to  concentrate  telephonic  attention  upon 
the  use  of  lamps,  and  within  the  four  years  that  have  since 
elapsed,  the  superiority  of  the  incandescent  lamp  for  this  pur- 
pose has  been  so  fully  demonstrated  that  nearly  all  of  the  l.irge 
switchboards  which  are  at  present  being  constructed  are  com- 
pletely supplied  with  signals  of  this  description. 

As  the  service  to  which  the  incandescent  lamp  when  used  as 
a  signal  is  subjected  is  peculiar,  the  employment  of  lamps  upon 
telephone  switchboards  has  afforded  lamp  manufacturers  a  new 
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problem.  In  tlie  early  experiinente  ordinary  miniature  lamps  of 
low  Tolt^e  were  employed.  As  these  lamps  were  bulky  and 
consumed  a  targe  amount  of  current,  the  first  attempts  at  im- 
provement were  directed  to  obtaining  a  smaller  and  more  eco- 
nomical lamp.  The  various  changes  through  which  the  lamp  has 
piiBsed  are  illustrated  in  Fijr.  7,  in  which  No.  1  is  the  original 
type  of  lamp  employed,  Nob.  11  and  12  are  those  which  expe- 
rience has  now  demonstrated  to  be  the  most  succesaftil.  Lamp 
No.  1  had  a  bnib  about  one  inch  in  diameter  and  was  abont  two 
inches  long.  Electrically  it  was  designed  for  a  fonr-volt  circuit 
requiring  over  one-half  ampere,  and  giving  about  two  c.  f.  Lamps 
Noe.  11  and  12  are  Ij  inches  long  witha  bnlb  J  inch  in  diameter. 
Tliey  are  designed  for  a  24-volt  circuit,  consume  about .  1  ampere 
and  yield  over  J  c.  p.     The  early  lamps  were  designed  entirely 


Fio.  e. 

to  tit  a  socket  supplied  with  a  screw  thread,  as  exemplified  in 

The  socket  consisted  of  a  braes  tnbe,  in  the  bottom  of  which  a 
screw  base  was  placed  matching  the  thread  npon  the  lamp.  A 
oap  carrying  a  ground  glitsa  shade  covered  the  front  end  of  the 
tube,  while  fiom  the  rear  two  conductors  extended,  one  fastened 
to  the  thread  of  the  socket,  tlins  connecting  with  one  of  the  lamp 
k-ading-in  wires,  while  the  other  was  arranged  to  make  contact 
with  the  other  leading-in  wire  in  tlie  center  of  the  lamp  base. 
This  conductor  wag  Biipplicd  witha  spiral  spring,  the  pressure  of 
viiich  it  was  expected  would  lock  the  lamp  in  its  place  and  con- 
atantly  maintain  good  electrical  contact.  This  expectation  was 
not  fulfilled,  for  one  of  the  greatest  troubles  encountered  has 
been  tlie  loosening  of  the  lamp  in  its  socket,  due  to  the  almost 
inappreciable  jarring  to  which  all  buildings  are  subjected.  Lamps 
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in  sockets  of  this  description  will  gradually  unscrew,  opening  the 
electrical  circuit.  They  are  then  incapacitated  as  signals  and  con- 
siderable complaint  will  arise.  Lamp  sockets  of  this  kind  were 
designed  for  lamps  Nos  4  to  7,  inclusive  (Fig.  7),  and  could  be 
placed  on  wooden  strips  for  mounting  in  the  switchboard  on  one 
inch  centers.  The  various  changes  in  form  through  which  the 
lamp  bnlb  has  passed  are  illustrated  in  Fig.  7,  showing  the  grad- 
ual steps  whereby  the  size  of  the  bulb  has  been  reduced  until,  as 
shown  in  Nos.  11  and  12,  the  present  lamp  occupies  no  greater 
volume  than  that  required  by  a  spring- jack  and  may  be  inserted 
into  sockets  composed  of  pairs  of  springs  arranged  on  a  rubber 
strip.  Such  sockets  so  closely  resemble  standard  spring- jacks  that 
they  are  called  "lamp- jacks,"  for  they  occupy  the  same  space, 
and  may  be  secured  in  the  switchboard  in  the  same  manner.  By 
placing  alternate  strips  of  lamp  sockets  and  jacks,  the  sub8cril)er'» 
line  signal  and  answering  jack  may  be  more  closely  associated 
than  has  previously  been  possible;  space  economized  in  the  switch* 
board  and  service  accelerated. 

At  first  it  was  considered  desirable  by  lamp  manufacturers  to 
preserve  a  large  volume  in  the  bulb  of  the  lamp  in  order  to  secure 
an  adequate  vacuum.  To  attain  the  desired  compactness,  the 
bulbs  of  the  lamps  were  made  smaller  and  longer,  as  is  shown  in 
Fig.  7,  numbers  2  and  7  inclusive.  Gradually,  improvements  in 
manufacture  were  sufficient  to  reduce  the  bulb  of  the  lamp  to  a 
smaller  diameter  than  that  of  the  screw  base,  and  it  at  once  i>e- 
came  apparent  that  some  other  method  of  securing  the  lamp  in 
its  socket  would  still  further  contribute  to  compactness.  The 
next  step  was  the  construction  of  an  exceedingly  small  bulb  lamp^ 
shown  in  Fig.  7,  No.  13,  which  was  secured  to  a  wooden  base 
carrying  two  metal  rings  to  which  the  leading-in  wires  of  the 
lamp  were  soldered,  the  complete  lamp  being  thown  in  Fi:^.  7 
No.  8.  Whether  the  theorv  that  the  small  sized  bulb  militates 
against  a  sufficient  vacuum  is  correct,  or  not,  it  has  been  im pos- 
sible to  definitely  ascertain,  but  experience  has  shown  that  lainpa 
having  bulbs  as  small  as  is  indicated  in  No.  13  were  not  so  suc- 
cessful as  large  ones.  In  order  to  retain  the  compactness  thereby- 
attained,  a  long  and  slim  bulb  was  made,  as  shown  in  Nos.  1>  and 
10.  In  this  lamp  an  additional  advantatje  was  secured  hy  placing 
the  filament  at  the  end  of  the  glass  opposite  the  seal.  This  end 
could  bo  blown  hemispherically  and  quite  thin,  thus  allowing  a 
maximum  of  light  to  be  transmitted.     Lamps  of  this  description 
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were  chiefly  made  for  four-volt  circuits,  the  filament  consisting  of 
a  very  thin  thread  of  carbon  stretched  between  two  platinum* 
wires.  These  leading-in  wires  were  fused  through  the  sides  of 
the  bulb  and  soldered  to  two  bits  of  thin  copper  forming  the  con- 
tact strips  that  were  cemented  to  the  glass  tube.  Some  difliculty 
was  experienced  in  the  peeling  off  of  these  pieces,  and,  in  addi- 
tion, the  amount  of  platinum  in  the  leading-in  wires  was  so  great 
as  to  considerably  increase  the  cost  of  such  lamp^s.  So,  from  mo- 
tives of  economy,  a  partial  reversion  toward  earlier  forms  has 
taken  place  in  the  present  standard  lamp,  as  shown  in  Fig.  7, 
numbers  11  and  12.  The  bulb  is  a  glass  tube  about  i"  in  diameter 
and  IJ"  long.  For  four-volt  lamps  a  straight  filament  is  used, 
but  for  all  others  a  horse-shoe  shape.  Only  sufficient  platinum  is 
employed  in  the  leading-in  wire  to  pass  through  the  glass,  and  in 
other  respects  the  general  details  of  manufacture  correspond 
closely  to  the  best  practice  in  standard  lamp  construction.  The 
base  of  the  lamp  is  a  bit  of  boxwood,  so  shaped  as  to  readily  enter 
the  springs  forming  the  socket,  and  arranged  to  prevent  the  lamp 
from  turning  as  it  is  pushed  into  place. 

The  earliest  lamps  were  all  designed  for  low  voltage  circuits, 
rarely  more  than  four  volts.  Presently  it  became  apparent  that 
lamps  of  longer  life,  together  with  an  economy  in  conducting 
circuits  could  easily  be  attained  by  the  use  of  higher  voltages, 
and  the  next  advance  was  secured  by  making  lamps  for  10  and  20 
volts,  while  at  present  12  and  24  volt  lamps  are  standard. 

When  first  used  as  signals,  the  lamps  were  placed  in  the  local 
of  a  relay  actuated  by  current  passing  over  the  line  to  which 
the  signal  was  attached.  In  the  early  attempts  the  ordinary  tele- 
graph relay  was  employed,  armed  with  extra  heavy  platinum 
contacts  to  prevent  burning.  It  seemed  possible  to  obviate  the 
expense  of  installing  and  maintaining  this  relay  by  an  ap))ro- 
priate  lamp  directly  in  series  with  the  subscriber's  line,  so  placed 
that  the  removal  of  the  telephone  from  its  hook  should  close  the 
circuit  and  light  the  lamp.  This  experiment  was  first  tried  in 
the  Chicago  express  oflice  and,  on  the  whole,  worked  passably 
well,  there  being  a  comparatively  small  mortality  of  lamps  due 
to  short-circuits  and  other  accidents.  A  continuation  of  this 
experiment  was  attempted  in  another  ofiice  but  resulted  disas- 
trously as  the  lamps  were  burned  out  so  rapidly  as  to  cause  an 
excessive  maintenance  expense.  The  occasion  of  this  failure  is 
to  be  ascribed  to  a  preponderance  of  atrial  lines  in  the  last  case. 
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A  wind-cross  occurring  near  the  office  on  a  long  line  would  sub- 
ject the  larap  to  an  abnormal  voltage  and  either  injure  or  imme- 
diately destroy  it.  In  an  express  office  where  the  lines  were 
chiefly  underground,  little  or  no  trouble  was  experiencefd  from 
this  cause,  and  in  an  office  in  St.  Louis,  similarly  equipped 
with  lamp  line  signals  placed  directly  on  the  subscriber's  line, 
the  use  of  a  very  heavy  filament  lamp  obviated  the  difficulty 
experienced  with  injury  to  lamps.  But  while  economy  in  in- 
stallation due  to  the  omission  of  the  relay  is  eminently  desir- 
able, present  experience  decidedly  indicates  that  the  relay  ie 
essential  to  the  successful  lamp  signal. 


Fio.  9. 
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Fig.  10. 


For  this  purpose  rather  an  interesting  type  has  been 
evolved  in  an  attempt  to  consolidate  the  relay,  lamp  and  socket 
into  a  single  piece  of  apparatus  and  at  once  obtain  a  device  which 
should  be  absolutely  dust  proof  and  free  from  trunnion  trouble. 
A  general  view  of  this  relay  which  was  developed  largely  with 
the  assistance  of  Mr.  M.  A.  Edson  of  the  Chicago  Telephone 
Company,  is  shown  in  Fig.  0  and  a  section  in  Fig.  10. 

From  the  latter  illustration  it  will  be  seen  that  the  front  end 
of  the  '*  lamp  relay,''  as  it  is  termed,  consisted  of  a  brass  tube  A, 
forming  the  lamp  socket,  carrying  the  screw  at  the  bottom,  sup- 
plied with  round  glass  cap,  carrying  the  subscriber's  number. 
From  the  rear  of  the  socket  extends  a  core  b,  of  soft  iron  sur- 
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Bounded  by  an  iron  tube  c,  between  which  the  winding  space  was 
obtained.  A  hemisperical  brass  cap  d  covered  the  end  of  the 
iron  tube,  retained  in  its  place  by  an  appropriate  set  screw.  The 
inside  of  this  cap  was  hollowed  out,  containing  a  piece  of  soft 
iron  E,  in  the  form  of  a  frustrum  of  a  cone,  that  constituted  the 
armature.  As  this  piece  of  apparatus  was  set  horizontally  the 
armature  rested  upon  its  edge  in  an  unstable  position,  tending  to 
settle  backwards  and  rest  against  the  back  of  the  cap.  The  ex- 
citation of  the  windings  magnetizes  the  core  and  attracting  the 
armature,  draws  it  up  sharply.  A  thin  platinum  spring  placed 
on  the  front  face  of  the  armature  serves  to  make  contact  with  a 
corresponding  platinum  point  set  in  the  center  of  the  core.  As 
the  core  is  insulated  from  everything  but  one  lamp  wire,  while 
the  other  is  connected  to  the  cap,  the  excitation  of  the  relay 
lights  the  lamp.  By  this  device  a  relay  was  obtained,  the  mov- 
ing parts  of  which  were  completely  dust-proof.  All  trunnions 
or  hinges  were  obviated  and  the  armature  merely  resting  upon  a 
sharp  edge  secures  a  minimum  amount  of  friction.  Notwith- 
standing the  compactness  and  completeness  of  this  piece  of  ap- 
paratus, it  has  been  found  desirable  to  disassociate  the  relays  and 
lamps,  placing  the  relays  in  a  case  by  themselves,  away  from  the 
switchboard. 

Probably  the  most  gratifying  feature  in  the  evolution  of  the 
line  signal  has  been  the  improvement  in  the  life  of  miniature 
lamps.  When  the  luminous  signal  was  first  proposed  the  ques- 
tion of  cost  of  lamp  renewals  was  at  once  raised.  As  each  lamp 
was  only  illuminated  for  a  few  seconds  at  a  time  the  service 
seemed  equivalent  to  constant  flashing,  and  ominous  prophecies 
were  plenty  as  to  the  short  life  to  be  expected.  It  was  confident- 
ly asserted  that  such  small  lamps  would  either  immediately  burn 
out,  or  else  so  rapidly  become  dim  as  to  be  valueless  as  signals. 
Some  tests  were  immediately  instituted  in  the  hope  of  eliciting 
information  on  these  points.  There  was  no  question  but  that  the 
candle  power  of  the  lamps  gradually  declined,  and  photometric 
measurements  showed  that  when  a  lamp  failed  to  emit  at  least  .05 
candle  power,  it  became  of  no  value  as  a  signal. 

To  determine  the  resistance  to  flashing,  a  number  of  lamps 
were  connected  in  circuit  with  a  clock  pendulum  and  flashed  at 
intervals  one  second  for  nearly  a  month,  with  no  signs  of  serious 
injury.  During  this  test  the  lamps  were  illuminated  more  than 
a  million  times,  so  it  seemed  certain  that  a  reasonably  long  life 
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A  wind-cross  occurring  near  the  office  on  a  long  line  would  sub- 
ject the  lamp  to  an  abnormal  voltage  and  either  injure  or  imme- 
diately destroy  it.  In  an  express  office  where  the  lines  were 
chiefly  underground,  little  or  no  trouble  was  experienced  from 
this  cause,  and  in  an  office  in  St.  Louis,  similarly  equipped 
with  lamp  line  signals  placed  directly  on  the  subscriber's  line, 
tlie  use  of  a  very  heavy  filament  lamp  obviated  the  difficulty 
experienced  with  injury  to  lamps.  But  while  economy  in  in- 
stallation due  to  the  omission  of  the  relay  is  eminently  desir- 
able, present  experience  decidedly  indicates  that  the  relay  is 
essential  to  the  successful  lamp  signal. 
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For  this  purpose  rather  an  interesting  type  has  been 
evolved  in  an  attempt  to  consolidate  the  relay,  lamp  and  socket 
into  a  single  piece  of  apparatus  and  at  once  obtain  a  device  which 
should  be  absolutely  dust  proof  and  free  from  trunnion  trouble. 
A  general  view  of  this  relay  which  was  developed  largely  with 
the  assistance  of  Mr.  M.  A.  Edson  of  the  Chicago  Telephone 
Company,  is  shown  in  Fig.  0  and  a  section  in  Fig.  10. 

From  the  latter  illustration  it  will  be  seen  that  the  front  end 
of  the  ''  lamp  relay,'-  as  it  is  termed,  consisted  of  a  brass  tube  A, 
forming  the  lamp  socket,  carrying  the  screw  at  the  bottom,  sup- 
plied with  round  glass  cap,  carrying  the  subscriber's  number. 
From  the  rear  of  the  socket  extends  a  core  b,  of  soft  iron  sur- 
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sounded  by  an  iron  tube  c,  between  which  the  winding  space  was 
obtained.  A  hemisperical  brass  cap  d  covered  the  end  of  the 
iron  tube,  retained  in  its  place  by  an  appropriate  set  screw.  The 
inside  of  this  cap  was  hollowed  out,  containing  a  piece  of  soft 
iron  E,  in  the  form  of  a  frustrum  of  a  cone,  that  constituted  the 
armature.  As  this  piece  of  apparatus  was  set  horizontally  the 
armature  rested  upon  its  edge  in  an  unstable  position,  tending  to 
settle  backwards  and  rest  against  the  back  of  the  cap.  The  ex- 
citation of  the  windings  magnetizes  the  core  and  attracting  the 
armature,  draws  it  up  sharply.  A  thin  platinum  spring  placed 
on  the  front  face  of  the  armature  serves  to  make  contact  with  a 
corresponding  platinum  point  set  in  the  center  of  the  core.  As 
the  core  is  insulated  from  everything  but  one  lamp  wire,  while 
the  other  is  connected  to  the  cap,  the  excitation  of  the  relay 
lights  the  lamp.  By  this  device  a  relay  was  obtained,  the  mov- 
ing parts  of  which  were  completely  dust-proof.  All  trunnions 
or  hinges  were  obviated  and  the  armature  merely  resting  upon  a 
sharp  edge  secures  a  minimum  amount  of  friction.  Notwith- 
standing the  compactness  and  completeness  of  this  piece  of  ap- 
paratus, it  has  been  found  desirable  to  disassociate  the  relays  and 
lamps,  placing  the  relays  in  a  case  by  themselves,  away  from  the 
switchboard. 

Probably  the  most  gratifying  feature  in  the  evolution  of  the 
line  signal  has  been  the  improvement  in  the  life  of  miniature 
lamps.  When  the  luminous  signal  was  first  proposed  the  ques- 
tion of  cost  of  lamp  renewals  was  at  once  raised.  As  each  lamp 
was  only  illuminated  for  a  few  seconds  at  a  time  the  service 
seemed  equivalent  to  constant  flashing,  and  ominous  prophecies 
were  plenty  as  to  the  short  life  to  be  expected.  It  was  confident- 
ly asserted  that  such  small  lamps  would  either  immediately  burn 
out,  or  else  so  rapidly  become  dim  as  to  be  valueless  as  signals. 
Some  tests  were  immediately  instituted  in  the  hope  of  eliciting 
information  on  these  points.  There  was  no  question  but  that  the 
candle  power  of  the  lamps  gradually  declined,  and  photometric 
measurements  showed  that  when  a  lamp  failed  to  emit  at  least  .05 
candle  power,  it  became  of  no  value  as  a  signal. 

To  determine  the  resistance  to  flashing,  a  number  of  lamps 
were  connected  in  circuit  with  a  clock  pendulum  and  flashed  at 
intervals  one  second  for  nearly  a  month,  with  no  signs  of  8eri<nis 
iujury.  During  this  test  the  lamps  were  illuminated  more  than 
a  million  times,  so  it  seemed  certain  that  a  reasonably   long  life 
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could  be  expected.  Experience  has  since  shown  this  conclusion  to 
be  justified,  for  in  the  main  office  switchboard  in  Chicago,  there 
are  now  lamps  at  work  tliat  have  been  in  service  for  upwards  of 
three  years  and  seem  still  to  be  in  fairly  good  condition.  Obser- 
vation has  further  shown  that  accidental  injuries  rather  than  old 
age,  is  the  cause  of  most  lamp  failures. 

Much  delay  was  experienced  in  obtaining  the  first  lot  of  switch- 
board lamps,  80  on  reception  they  were  immediately  placed  in 
service  without  inspection.  The  rapid  failure  of  a  large  number 
of  these  caused  no  small  degree  of  consternation  and  it  was  de- 
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tennined  to  initiate  a  systematic  inspection.  As  a  result,  all  lamps 
are  now  examined :  1. — Mechanically,  to  see  if  they  will  fit  the 
sockets.  2. — Electrically,  to  determine  if  they  have  the  proper 
voltage  and  consume  current  within  the  specified  limits.  3. — 
Optically,  to  ascertain  if  they  emit  the  required  candle  power,  and 
absorb  the  proper  watts  per  candle.  Also  a  certain  number  of 
lamps  from  each  lot  are  placed  on  life  test  and  ])urned  to  de- 
struction. 

In  Fig.  11  four  curves  are  given  that  show  at  a  glance  the  im- 
provement that  has  taken  place  in  lamp  life.     The  dotted  lines 
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are  curves  of  life  and  candle  power  of  ten  sampIcB,  each  of  10 
and  20-volt  lamps  tested  in  1895,  while  tlie  full  lines  are  the 
results  from  twenty  samples  of  JO  and  20- volt  lamps  of  the 
present  date.  In  1895,  only  200  hours'  life  could  be  expected, 
while  from  the  latest  tests  the  20-volt  lamps  show  2400  hours'  life 
before  failure,  and  the  10-volt  lamps  show  2500  hours,  and  are 
still  burning  with  indications  of  considerable  additional  life. 

In  Fig.  12  is  an  interesting  comparison  of  the  rate  of  failure  of 
sample  lamps  tested  in  1897,  and  at  the  present  time.  Curves  1, 
2,  3  and  5  are  for  20-volt  lamps  of  different  makers,  while  curve 
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4  is  for  four-volt  lamps.  The  ordinates  are  the  number  of  lamps 
on  test  at  the  various  times  represented  by  the  abscissae  in  hours, 
so  that  the  life  of  each  lamp  is  plainly  shown.  The  four-volt 
lamps  failed  almost  immediately,  only  yielding  upwards  of  50 
hours.  The  20-volt  lamps,  curves  1,  2  and  3,  tested  in  1897,  gave 
upwards  of  600  hours  life  as  an  average,  those  indicated  by  curve 
1  showing  the  greatest  uniformity.  In  curve  5,  the  results  of 
ten  20-volt  lamps  tested  tliis  spring  are  plotted ;  one  lamp  failed 
after  40  hours,  but  the  filament  was  manifestly  defective  at  the 
start.  Nineteen  lamps  lasted  over  1900  hours  and  one  lamp  over 
250U  hours. 

In  Fig.  13  the  curves  of  10-volt  lamps  teftled  \w  «k.  ^vvcCAw  xm 
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ner  are  shown.  These  results  indicate  a  much  greater  irregularitj^ 
for  the  10-volt  lamps.  The  lamps  of  curve  3  make  a  bad  show- 
ing, only  one  lamp  lasting  over  40  hours ;  those  of  curves  1  and 
2  are  much  better,  indicating  a  life  of  400  houre,  but  still  are 
much  below  the  life  shown  by  the  20- volt  lamps.  Curve  4  repre- 
sents the  results  of  tests  upon  twenty  10-volt  lamps  recently 
manufactured.  This  curve  is  a  straight  line  for  2500  hours,  show- 
ing that    so  far    no    failures    have  occurred,  and  from  the  ap- 
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pearance  of  the  tilament,  it  is.  reasonable  to  expect  several  hun- 
dred hours  more  life. 

In  Fig.  14  some  information  is  plotted  relative  to  candle-power, 
life  and  voltage  of  20- volt  lamps.  Curves  1,  2  and  3  show  the 
relation  between  the  life  and  candle-power  of  -Jo-volt  lamps 
when  placed  upon  circuits  of  respectively  21,  20  and  ISJ  volts. 
The  left-hand  scale  in  candle-power  applies  to  these  lines.  Curve 
No.  4:  is  a  life-voltage  curve,  for  which  the  scale  of  volts  on  the 
right-hand  should  be  used.  For  all  these  curves  the  absciss*  are 
in  hours.  These  lines  strikingly  illustrate  the  relation  between 
life  and  candle  power.     As  switchboard  lamps  are  usually  sup- 
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plied  by  10  cells  of  storage  battery,  it  is  impracticable  to' always 
maintain  them  at  precisely  a  constant  potential,  for  the  pressure 
is. likely  to  vary  one  or  two  volts  from  that  of  fnll  charge  to  that 
of  discharge  and  regulating  resistances  are  more  expensive  than 
decreased  lamp  life.  Even  at  the  highest  pressure,  it  is  interest- 
ing to  note  that  the  lamps  at  present  show  a  life  of  over  1400  hours. 

Lamp  ex|)ert6  will  at  once  infer  that  improved  life  is  obtained 
by  a  lamp  of  low  efficiency  and  will  urge  the  cost  of  the  current 
as  an  insuperable  objection.  The  total  cost  of  a  luminous  signal 
is  evidently  the  cost  of  the  lanip,  plus  the  cost  of  current  con- 
sumed during  its  life,  and  it  is  easy  to  show  that  this  is  a  mini- 
mum when  the  cost  of  the  energy  consumed  is  equal  to  the  cost 
of  the  lamp.  Switchlward  lamps  now  cost  in  the  neighborhood 
of  45  cents  each.  With  a  life  of  say  2,000  hours,  the  cost  of 
energy  is  al)out  00  cents,  but  it  has  been  shown  that  accidental 
causes  tend  to  reduce  the  actual  life  in  the  switchboard  far 
below  that  shown  by  laboratory  tests  and  it  is  doubtful  if  the 
average  lamp  lives  for  1,200  hours.  Unless  accidental  destruc- 
tion can  be  greatly  i*educed  below  the  present  amount,  the  cost 
of  the  lamp  is  now  considerably  above  the  cost  of  energy  dur- 
ing its  life  and  a  still  lower  efficiency  could  profitably  l>e  em- 
ployed, for  it  must  be  remembered  that  the  thick  heavy  filament 
in  the  low  efficiency  lamps  is  the  best  insurance  against  accidental 
injury.  Theoretically,  subscribers'  line  lamps  should  last  25 
years  ;  cord  supervisory  lamps  from  one  to  two  years  :  trunk 
line  lamps  the  same  length  of  time,  and  pilot  lamps  from  thi'ee 
to  six  months.  Sncli  a  life  as  this  has  been  obtained  in  tlie  cord 
and  pilot  lamps,  but  it  is  doubtful  if  the  theoretical  limit  for  the 
line  lamps  will  ever  be  closely  approximated. 

Even  in  the  present  probably  only  partially  developed  state 
of  the  luminous  signal,  bome  2n,0(M)  subscri!)ers  are  now  served 
upon  boards  thus  equipped,  and  switchboards  for  as  many  more  are 
in  process  of  construction.  Already  the  adoption  of  this  form  of 
signal  has  materially  modified  the  arrangement  and  design  of 
switchboard  apparatus,  and  has  been  so  efficient  a  factor  in  the 
improvcnieiit  of  telephonic  service  that  it  is  difficult  to  prophesy 
the  end  of  its  iffcct. 

In  conclusion,  the  writer  is  only  too  glad  of  an  occasion  to  ex- 
press his  appreciation  of  the  promptness  with  which  the  various 
lamj)  manufacturers  have  taken  up  the  problem  of  the  line  lamp 
signal,  in  the  solution  of  which  they  have  spared  neitlier  pains 
nor  expense. 


A  Paptr  presinttd  at  the  isth  General  Meeting 
of  the  American  Institute  of  Elicirical 
Engineer  St  Otnaka^  June  2Q^  iSgS,  President 
Kennelly  in  the  Chair. 


SOME  TELEPHONE  DISTURBANCES  FROM 
ELEC^TRICAL  GENERATORS. 


BY  OE()R(*K  n.  SHEPAKDSON. 


The  modern  tendency  toward  concentration  of  power  plants 
and  the  use  of  larger  units  has  caused  some  unexpected  secondary 
results.  In  one  of  our  western  cities  the  street  railway  com- 
pany  recently  built  a  modern  power-house  with  seven  directly 
connected  generators,  two  direct  current  generators  of  700  k.  w. 
capacity  which  feed  directly  into  the  trolley  lines,  and  five  three- 
phase  T0(»  K.  w.  alternators  which  drive  five  rotaries  located  at 
three  sub-stations.  The  rotaries  displace  three  steam  equipments 
with  a  number  of  175  k.  ^v.  generators.  At  about  the  same  time 
in  the  same  city  the  j)rincipal  lighting  company  displaced  the 
steam  e(|uipment  in  one  of  its  direct  current  constant  potential 
stations  by  rottiries  driven  by  three-phase  currents  from  its  main 
station.  When  the  rotaries  were  put  into  service,  the  telephones 
of  the  city  were  at  once  greatly  disturbed  by  a  loud  roaring 
noise  which  seriously  interfered  with  their  satisfactory  operation 
and  which  even  made  many  teleplumes  useless.  While  the  tele- 
])hone  company  was  attempting  to  locate  the  cause  and  find  a 
remedy  for  the  troubles,  the  lighting  company  found  that  it  also 
had  troubles  of  its  own,  as  the  constant  potential  arc  lamps  which 
had  been  burning  quietly,  now  began  to  hum  and  roar  as  if 
operated  by  alternating  currents. 

The  subject  promised  to  be  of  much  interest,  and  was  studied 
from  an  independent  standpoint  at  the  University  of  Minnesota 
by  Instructor  F.  W.  S|)ringer  and  the  writer.  While  the  ground 
lias  not  yet  been  entirely  covered,  enough  of  interest  has  de- 
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veloped  to  warrant  a  preliminary  report  with  tlie  hope  that 
others  may  find  opportunity  and  interest  to  carry  on  further 
studies  along  the  lines  suggested. 

No  doubt  much  of  the  work  here  reported  has  been  done 
before  in  the  company  laboratories,  but  such  work  seems  not 
to  have  been  published. 

In  order  to  work  more  intelligently,  a  preliminary  search  was 
made  to  discover  the  disturbances  that  had  been  met  by  tele- 
phones before,  and  their  names  were  found  to  be  legion. 

The  marvelous  sensitiveness  of  the  telephone,  exceeded  only 
by  that  of  the  galvanometer,  has  made  it  unusually  subject  to 
disturbing  influences.  Coming  into  public  use  at  about  the  same 
time  as  the  electric  light,  its  lines  were  extended  more  rapidly  at 
first  and  many  towns  boasted  of  telephone  exchanges  long  before 
the  advent  of  electric  lighting  plants.  When  the  lighting  plants 
were  put  into  operation  later,  the  telephone  lines  theretofore 
operating  in  blissful  peace  and  quiet,  were  now  seriously  menaced 
as  one  of  their  engineers  aptly  (juoted^  by  a  ''  pestilence  that 
walketh  in  darkness''  and  by  "  destruction  that  wasteth  at  noon- 
day.'' Hardly  had  the  lines  been  freed  from  the  disturbing 
influence  of  the  direct  current  incandescent  and  the  more  trou- 
blesome arc  circuits,  when  the  alternating  current  system  took 
the  field  with  its  widely  scattered  lines  and  its  wider  range  of 
induction  and  the  way  of  the  telephone  manager  was  thereafter 
indeed  as  hard  as  that  of  the  transgressor  should  be.  Hardly 
had  the  telephone  adjusted  itself  to  the  new  source  of  disturb- 
ance when  still  another  enemy  arose  in  the  shape  of  the  electric 
railway,  which,  metaphorically  speaking,  demanded  that  the  tele- 
phone, like  the  Chinaman,  should  "  get  off  the  earth."'  Many 
legal  battles  have  been  fought  with  varying  success,  but  the 
general  conclusion  seems  to  be  that  no  one  interest  owns  the 
whole  earth,  and  that  in  case  of  interference  the  weaker  must 
look  out  for  its  own  protection.  The  remedies  that  have  been 
proposed  for  obviating  or  neutralizing  telephonic  disturbances 
are  too  many  even  to  catalogue  in  a  j)aper  treating  principally 
with  causes.  As  early  as  1883,  there  were  200  or  more  patents 
for  preventing  induction,  and  the  later  years  doubtless  have  been 
even  more  prolific. 

1.  Lockwood,  National  Telephone  Exchange  Association,  Sept.,  1883.  EL 
World,  12:  142.  Lon.  El.  liev,,  23:  441.  West.  Electrician,  3:  149.  N.  Y. 
El.  Engineer,  7:  485.  '  Walker.  lion.  El.  Rtc.l2:  278.  El.  World,  1 :  844. 
See  als^)  Lon.  EL  Rev,,  84  :  345.     32:  692.     N.  Y.  KL  Engineer.  15:  474. 
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Telephone  engineers  have  devoted  nineh  time  and  attention 
to  tlie  various  causes  for  the  noises,  that  disturb  the  telephone 
and  have  specified  them  somewhat  as  follows  :  Long  telephone 
lines  are  subject  to  the  same  disturbances*  that  aifect 
the  less  sensitive  telegraph.  Some  of  these  are  of  more 
or  less  constant  strength  and  do  not  make  a/ noise  in  the 
telephone,  but  only  alter  its  sensitiveness  by  strengthening  or 
weakening  the  permanent  magnet.  Such  are  the  regular  earth 
currents  caused  by  the  rotation  of  the  earth,  or  those  caused  by 
electro-chemical  action  due  to  the  differences  in  the  soil  at  the 
ends  of  the  line,  or  to  differences  in  the  composition  or  clean- 
ness of  the  earth-plates,  or  thermoelectric  currents  due  to 
differences  of  temperature  at  different  parts  of  the  line.  The 
irregular  currents  that  sometimes  affect  telephone^?  may  be 
caused  by  induction  from  the  earth's  magnetism  as  the  wires 
swing  back  and  forth  in  the  wind,  from  induction  as  wires  of 
different  circuits  approach  and  recede  while  swinging  in  the 
wind,  by  differences  in  the  height  above  the  earth  in  different 
l)art8  of  the  line,  by  static  charges  from  passing  clouds  or  rising 
vapors,  by  changes  in  the  electric  state  of  the  atmosphere,  pos- 
sibly by  electromotive  forces  due  to  earth  tremors,  by«inechanical 
vibrations  of  the  wires,  by  a  sort  of  microphonic  action  at  loose 
joints,  by  changes  of  resistance  of  line  due  to  temperature. 
Such  disturbances  seem  to  become  less  when  the  insulation  of 
the  line  is  low. 

Disturbing  currents  from  other  wires  are  found  to  come  by 
leakage  and  by  induction,  both  electro-static  and  electro-dynamic, 
those  being  overcome  by  careful  insulation  and  transposition  of 
circuits.  The  disturbing  currents  are  found  to  be  greater  from 
alternating  or  arc  light  circuits  than  from  constant  potential  direct 
current  circuits ;  open  circuit  arc  machines  are  worse  than  closed 
coil  machines,  the  noise  becoming  less  as  the  number  of  bars  in 
the  commutators  increases,  and  becoming  greater^  as  the  voltage 
increanses. 

Th.it  much  of  the  trouble  from  other  circuits  comes  by  electro- 
static induction  was  proved  by  Mr.  J.  J.  Carty  in  his  papers 
before  the  New  York  Electric  Club*  and  before  this*  body.    His 

2.  Ii'^ckwoo«l,   National   Conference  of  Electricians,   Sept.  12,  1884.     Pro- 
ceeding's, p.  226.     El.  World,  4  :  169. 

3.  El  World,  19:  274. 

4.  Carty,    New  York  Electric  Club,   Nov.  21,  1889.     El.  World,  U:  361. 

L(.n.  El.  Rev.,  25  :  651.   Lon.  Electrician,  24: 122.    N.  Y.  El  Engineer, ^.V3L, 
West.  Electrician,  6:  282.     Elek.  Zeit ,  11:  144. 
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fonelusioTis  have  been  substantiated  by  other  experimenters, 
such  as  •Pierard,  "^Kcnnelly,  ^Bennett,  ^Dresing  and  Gulstad 
'^Dunbar,  and  others.  That  much  of  it  comes  by  leakage  is  a 
matter  of  daily  observation. 

The  trouble  from  electric  railway  lines  is  generally  considered 
as  coming  primarily  and  principally  from  the  use  of  the  ground 
return.  If  the  railway  currents  were  perfectly  smooth  and  of 
uniform  strength,  it  is  generally  agreed  that  they  would  not 
cause  noises  in  the  telephone,  but  would  make  them  less  sensitive. 
The  irregularities  and  fluctuations  in  the  railway  current  have 
been  attributed  to  various  causes,  such  as  imperfect  commuta- 
tion" at  the  dynamos,  imperfect  connection  between  the  trolley 
wire  and  supports,  variable  contact  between  the  trolley  and  wire  or 
between^^  the  wheels  and  rails,  lubrication^*  of  the  trolley,  spark- 
ing at  the  motoH^  brushes  or  trolley  or  rails,  variable  speed  of 
caw,  motion  of  track"  due  to  passage  of  car,  to  the  motion"  of 
the  car,  to  noisy  gearing^*,  to  vibration^*  of  the  motor.  Strecker'* 
says  the  noise  varies  with  the  voltage.  Cardew**  says  it  varies 
with  the  winding  of  the  armature.  There  is  probably  more  or 
less  of  disturbing  influence  from  each  of  these  alleged  sources. 

At  flrst  thought,  the  ordinary  trolley  of  the  American  pattern 
would  seem  to  give  as  certain  contact  as  the  shoe  or  harp  used 

5.  Cartv,  Transactions,  Marcli  17.  1891.  Kl.  World,  17:  241,  276.  Lon. 
EUeirteian,  26  :  685,  705.  Lon.  El.  Review.  28  :  462.  N.  Y.  El  Engineer,  11 : 
366,  451.     West  KlectHcian,  8:  181.  210.     N.  Y.  El.  Rev.,  18:  82. 

6.  Pierard,  IJEelairage  Electrique,  2:  121,  Jan.  19. 1895.  10:  355.  Feb.  20, 
1897.     El.  World,  25  :  181  ;  29:  362. 

7.  Kennelly,  El.  World,  17;  277.  Lon.  ^^<-rr/«an,  26:  763.  IjOU.  El. 
Rev.  28:  747.     N.  Y.  El,  Engineer,  11:  450,  511,  547. 

8.  Bennett.     Lon.  Electrician,  26:  768. 

ft.  Dresing  and  Gulstad.  Lon.  El.  Rev.,2S:  689,  643,  May,  1891. 

10.  Dunbar,  El.  World,  23:  83,  115. 

11.  Lon.  Electrician;  86:  725:  87:  52.  El.  World,  12:  324.  Lon.  El. 
Rer.,  84  :  839. 

12.  Wietlisbach,  Lon.  Electrician,  36  :  725.  N.  Y.  El.  Engineer,  '21 :  388. 
414.  440.  El.  World,  27:  438.  678.  EUk.  Zeit.,  17:  252.  Perry.  N.  Y.  El. 
Engineer,  9:  244.     Van  \1oten,  UEclaiiage  Klectrique,  12:  415.  . 

18.  Cardew,  Lon.  El.  Rev.,  33:  742.     Lon.  Electrician,  1)2:   236. 

14.  West,  Elek.  Zeit.,  17:  263.  April  30,  1896.  Lon.  El.  Rev.,  38  :  640. 
Lon.  Electrician  J  37  :  52. 

15.  Preller,  Lon.  Electrician,  36:  338,  557.  El.  Railway  Gazette,  Feb.  1. 
1896.  El.  World,  27:  132,  293.  LEclairage  EUctnque,  6:  411.  Perrv,  N. 
Y  El.  Engineer,  9:244. 

16.  Strecker,  Elek.  Zeit.,  13:  128,  Mar.  4,  1892.     El.  World,  20:  19. 
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on  certain  roads,  yet  eminent  engineers,  such  as  Wietlisbach^^, 
claim  superiority  for  the  sliding  harp  or  bar,  and  appeal  to 
experience.  Lord  Kelvin"  states  as  his  opinion  that  two  or  three 
wheels  or  a  brush  would  obviate  much  of  the  difficulty.  The 
moHt  plausible  explanation  for  the  observed  fact  that  roads  using 
harp  or  bars  disturb  telephones  less  than  those  using  wheels  for 
contact  with  the  trolley  wire,  seems  to  be  that  with  the  harps  or 
bar  trolleys  the  trolley  wire  need  not  be  so  accurately  centered 
above  the  track  as  when  a  trollev  wheel  is  used,  therefore  the  line 
need  not  be  supported  at  so  frecjuent  intervals  and  need  not  be 
drawn  up  so  tightly.  The  tighter  wire  more  easily  gets  thrown 
into  rapid  vibration,  which  in  turn  causes  a  considerable  varia- 
tion in  the  pressure  between  the  trolley  and  the  wire,  hence 
setting  up  a  microphonic  action  that  aifects  the  telephones.  The 
lubricant  on  the  trolley  probably  acts  in  a  similar  way.  Experi- 
ments by  West  show  that  there  is  quite  a  considerable  variation 
in  the  resistance  between  the  car  wheels  and  the  track,  even  with 
a  comparatively  clean  rail ;  and  he  infers  from  this  that  some  of 
the  telephonic  disturbance  is  due  to  microphonic  action  at  the 
wheel  as  well  as  at  the  trolley.  The  noise  also  depends  upon 
the  nature  of  the  track,  being  greater  on  a  hard  roadbed  than 
on  one  cushioned.  This  is  thought  to  be  due  to  variations  in 
the  surface  resistance  between  the  rails  and  the  surrounding 
earth  as  the  car  passes.  Experiments  by  Behn-Eschenburg^^ 
seem  to  show  that  the  noise  is  not  due  to  such  action  at  the  rail, 
wheel  or  trolley,  for  by  cutting  out  the  motors  and  sending 
current  from  the  trolley  through  a  rheostat  he  found  an  entire 
absence  of  noise;  this  simply  proves,  however,  that  such  source 
of  noise  is  very  small  as  compared  with  that  from  the  motors. 
Another  source  of  microphonic  action  that  seems  at  least  as 
important  as  the  two  preceding  is  that  due  to  the  vibration  of 
the  brushes  of  the  motors  on  account  of  the  commutator  not 
being  truly  cylindrical,  or  on  account  of  the  brushes  being  set 
too  nearly  radial  with  insufficient  pressure  so  that  they  chatter. 
The  great  telephonic  disturbances  noted  w4ien  the  brushes  of 
generator  or  motor  are  sparking,  may  be  microphonic  or  may  be 
due  to  another  cause  to  be  noted  later.  That  the  noise  varies 
with  the  speed  of  the  motor  is  evident  to  all  who  have  had  occa- 

17.  Kolvni,  Loii.  EL  Rev.,  33  :  742.     Lon.  Electrician,  8d :  236. 

iH.  Behii-Esch^nburg,  Elek.  Zeit.,  17  :  173.  Julv  16.  1890.     El.  Wofld,  28  : 
15S.  17:J. 
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sion  to  use  telephones  with  earth  or  common  return  in  cities 
with  electric  cars.  Following  out  this  lead  it  seems  reasonable 
that  noisy  geai*s  disturb  telephones  more  than  quite  ones,  because 
quiet  gears  allow  a  more  uniform  motion  of  the  motors,  while 
noisy  gears  involve  an  uneven  rate  of  transmission  and  hence  an 
uneven  speed  of  armature.  A  similar  reason  may  account  for 
the  claim"  that  motors  with  chain  connection  create  less  disturb- 
ance to  telephones  than  those  having  gears  for  transmission. 

That  a  large  share  of  the  disturbance  is  caused  by  the  motors 
themselves,  is  seen  from  the  well-known  fact  that  the  starting  of 
a  car  is  accompanied  by  a  distinct  rumble  that  increases  in  pitch 
as  the  car  comes  up  to  speed  until  the  noise  becomes  blended  in 
the  general  confusion  at  the  higher  pitch.  The  noise  is  directly 
connected  with  the  brushes  and  commutator,  as  is  evidenced  by 
the  uniform  pitch  of  the  sound  in  the  telephone  and  that  heard 
directly  from  the  singing  of  the  brushes.  That  it  is  affected  also 
by  the  design  of  the  motor  is  shown  by  the  well  remembered 
action  of  the  early  railways ;  when  the  early  Sprague  railway 
motors  were  changed  from  56  to  72  armature  coils,  the  noises 
in  the  telephone  were  greatly  reduced  and  one  could  easily  tell 
what  kind  of  motor  was  on  an  approaching  car.  Various  reasons 
have  been  assigned  for  the  cause  of  the  noise  from  the  brushes. 
The  most  common  one  is  that  the  resistance  of  the  motor 
changes  as  commutator  bars  come  under  the  brushes,  so  that  one 
or  more  coils  are  short-circuited  and  cut  out  of  the  circuit. 
Others  think  it  may  be  due  to  "  feathering  "  of  the  brushes^'*',  which 
allows  a  continual  and  uncertain  change  in  the  number  of 
armature  coils  actually  in  the  circuit. 

When  the  street  railway  company  referred  to  at  the  beginning 
of  this  paper  changed  over  to  the  new  arrangements  for  power, 
the  great  increase  in  the  noises  in  the  telephones  was  attributed 
to  the  fact  that  the  new  generators  and  rotaries  had  toothed 
armatures,  whereas  the  old  armatures  had  smooth  cores  and  were 
surface  wound.  The  greater  self-induction  in  the  toothed  machines 
was  supposed  to  cause  irregularities  or  "  wiggles"  in  the  current. 
Some  thought  that  the  speed  varied  slightly  in  different  parts  of 
each  revolution,  while  others  thought  that  in  some  way  part  of 
the  alternating  current  managed  to  get  over  into  the  direct  cur- 
rent circuits  without  being  transformed. 

19.  Wietlisbach,  Lon.   Engineering,  Aug.   14,   181)6.     EUk.  Zeit.,  17:   532. 
EU  World,  ^:  283,3.3. 
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In  order  to  learn  tlie  truth  of  the  matter,  a  number  of  experi- 
ments were  tried.  Tliat  no  considerable  part  of  the  noise  came 
from  any  lack  of  uniformity  in  the  speed  of  the  rotaries  was 
proved  by  the  absence  in  the  telephone  of  any  tone  of  a  pitch 
e(jual  to  the  product  of  revolutions  by  poles  of  the  rotaries.  A 
variation  of  si)eed  with  load  was  noticeable  when  each  alternator 
was  driving  it«  own  rotary,  but  this  was  largely  obviated  when 
the  alternators  were  operated  in  parallel.  In  order  to  discover 
whether  by  any  means  part  of  the  alternating  current  could  or 
did  get  over  to  the  direct  current  lines,  observations  were  made 
upon  the  constant  potential  arc  lamps  operated  by  the  rotaries  of 
the  lighting  company.  It  was  found  that  the  hum  of  the  arc 
lamps  did  not  at  all  correspond  with  the  frequency  of  the  cur- 
rent, but  that  it  did  correspond  exactly  with  the  hum  of  the 
brushes,  the  pitch  of  which  was  equal  to  the  product  of  revolu- 
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tions  bv  commutator  bars.  The  cause  of  the  noise  in  the  tele- 
phones  and  arc  lamps  seemed  therefore  to  be  connected  in  some 
wav  with  the  commutation  of  the  current  at  the  direct  current 
brushes. 

In  order  to  work  with  greater  facility  and  without  incurring 
liability  of  interfering  with  the  regular  working  of  the  com- 
mercial plants  of  the  railway,  lighting  or  telephone  companies, 
further  experiments  were  carried  on  in  the  electrical  engineering 
laboratories  of  the  Ihiiversity  of  Minnesota,  where  most  of  the 
conditions  could  be  accurately  reproduced  and  modified  one  at  a 
time. 

Preliminary  experiments  were  first  tried  with  a  telephone 
receiver  connected  to  an  exploring  coil  of  150  turns,  wound  on  a 
rectangular  frame  approximately  8"  long  and  V  wide,  with  a 
groove  1 "  wide.     This  exploring  coil  was  himg  between  the  two 
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inain  feerrice  wires  leading  to  a  500-volt  40  h.  p.  motor  eonueeted 
with  the  power  station.  When  a  current  of  !?even  amperes  from 
the  fK)wer  circuit  wai?  >*ent  through  a  water  rheostat.  Fig.  1,  a  clear 
singing  noitjc  was  note<J  in  the  telephone,  which  noise  was 
attributed  to  the  generators  at  the  |  tower-house.  To  make  sure 
that  the  noise  was  not  due  to  the  water  rheostat,  a  second  test 
was  maile  bv  shuntincr  the  receiver  around  a  small  resistance  in 
serieR  with  a  high-resistance  voltmeter.  The  same  noise  was 
heard,  and  in  addition  detinite  beats  could  l>e  distinguished  at 
the  rate  of  alx>ut  two  per  second.  These  were  thought  to  be 
due  to  interference  l>etween  the  generators  at  the  (X)wer-house, 
where  there  were  four  power  machines,  one  of  which  was  of 
different  make  from  the  others. 

The  receiver  was  then  connected  with  the  exploring  coil- 
between  the  service  wires,  and  the  motor  started.  The  original 
sound  from  the  generators  was  now  entirely  obscured  bv  a  loud 
noise  which  was  in  unison  with  the  singing  of  the  motor  brushes 
and  which  rose  in  pitch  as  the  motor  came  up  to  speed.  The 
brushes  were  now  shifted  to  various  positions,  and  the  noise  from 
the  motor  was  found  to  be  least  for  the  position  of  least  spark- 
ing, suggesting  a  means  for  finding  such  best  position.  The 
coarse  coil  of  a  JiO-light  transformer  Fig.  2.  was  then  inserted  in  the 
armature  circuit,  when  the  noise  in  the  receiver  attached  to  the 
exploring  coil  was  greatly  reduced,  suggesting  a  possible  means 
for  reducing  the  fluctuations  or  "ironing  out  the  wrinkles"  in 
the  current  from  the  generators.  In  fact  the  lighting  company 
found  that  the  humming  of  its  constant  potential  are  lamps  was 
greatly  reduced  by  the  insertion  of  a  choke  coil  in  series.  (The 
noiso  was  also  reduced  by  tightening  all  loose  |>arts  of  the  lamp 
in  order  to  reduce  mechanical  vibration.)  This  suggests  that  the 
clioke  coils  wound  on  heavy  iron  cores  formerly  used  in  Sprague 
railway  power-houses  between  the  lightning  arresters  and  the '  bu?. 
bars  were  more  useful  in  reducing  the  pulsations  of  the  current 
than  they  were  for  choking  back  the  lighting. 

A  Weston  a.  c.  voltmeter  was  then  connected  to  the  tine  wire 
coil  of  the  transformer,  and  it  was  found  to  read  seven  volts  when 
the  armature  current  was  18  amperes.  In  order  to  make  sure 
that  there  was  no  mistake,  two  sets  of  readings  were  taken  while 
the  brushes  were  shifted  to  various  positions,  one  set  with  the 
motor  armature  taking  about  six  amperes  and  tlie  otlier  with 
about  IS  amperes,  it  being  ditficnlt  to  keep  the  current  and  speed 
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exactly  constant  while  shifting  the  brushes.  A  scale  was 
attached  to  the  brush-yoke  and  divided  so  that  one  division 
represented  a  shifting  of  the  brushes  equal  to  the  width  of  one 
commutator  bar.  A  number  of  readings  were  then  taken,  the 
means  of  which  are  given  in  Table  I.  The  voltmeter  readings 
are  not  very  accurate,  since  they  all  come  on  the  lowest  part  of 
the  scale  where  it  is  not  closely  divided. 

TABLE  I. 

Eflfec't  of  Current  Strength  upon  Fluctuations   Through  Transformer  With 

Iron  Core.      500  Volt-Motor. 


I 
Position  of  Brushes. 

Volts  on  Secondary. 

J  Amperes. 

6  Amperes. 

1 8  Amperes. 

J 

4 

4^« 

.        5 
6 

7 
8 

8Ji 
9 

II 

9 

U 
8 

8.5 



II 

15 
6 

7 
6 
6 

7 

8 

II 

"5 

8.5 
5-5 
3 

2.5 
4  S 
5 

7  5 
9 

In  Table  I.  the  brushes  have  forward  lead  in  position  3,  and 
backward  lead  in  position  8.  It  is  seen  that  for  every  posi- 
tion of  the  brushes  the  voltage  on  the  secondary  is  higher  with 
the  smaller  current  than  with  the  larger.  This  did  not  seem 
right,  and  another  test  was  made  with  the  telephone  and  explor- 
ing coil.  In  this  case  the  noise  in  the  telephone  was  directly 
proportional  to  the  current  in  the  armature,  as  would  have  been 
expected.  The  ccmtrary  results  with  the  transformer  were  then 
attributed  to  the  fact  that  the  iron  core  of  the  transformer  was 
so  highly  saturated  by  the  current  of  18  amperes  that  the  pulsations 
Imd  less  effect  than  those  of  the  six-ampere  current  and  still  less 
than  those  with  the  three-ampere  current,  although  the  former 
were  actually  much  greater.  Similar  results  were  obtained  with 
other  transformers  and  it  was  found  misleadins:  to  have  any  iron 
in  the  transformer.  Two  coils  were  then  wound  on  a  cylindrical 
wooden  core  14^  in  diameter,  one  coil  of  28  turns  of  No.  10  b  a.- 
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8  <i  and  one  of  312  turns  of  No.  20  b  <fe  8  g.  These  were  arranged 
80  that  the  coaree  coil  in  series  with  the  armature  remained 
stationary,  while  the  other  was  movable  along  a  pine  stick  parallel 
to  their  common  axis  The  telephone  receiver  was  then  con- 
nected to  the  fine  wire  coil,  and  the  armature  current  was  sent 
througli  the  coarse  wire  coil.  By  moving  the  fine  wire  coil  along 
the  stick  it  was  intended  to  find  the  position  where  the  sound  in 
the  telephone  would  disappear.  But  the  arrangement  proved  to 
be  too  sensitive  even  when  only  one  turn  of  the  coarse  wire  was 
left  in  circuit  and  the  tine  wire  coil  was  moved  100"  away,  the 
sound  from  the  motor  still  being  quite  distinguishable.  As  at 
that  time  the  writer  did  not  recall  the  diiferential  method  of 
opposing  the  action  of  the  first  coil  by  that  of  a  third,  in  which  a 
uniform  alternating  current  might  be  sent  from  an  independent 
source,  and  as  later  it  was  questioned  whether  the  balance  would 
be  reliable  because  the  pulsations  at  the  armature  were  not  sine 
functions,  it  was  decided  to  make  use  of  a  sensitive  electro-dyna- 
mometer for  measuring  the  currents  induced  in  the  secondary 
of  the  air-core  transformer.  After  some  preliminary  work  the  two 
coils  were  arranged  on  a  common  axis,  being  separated  by  the 
distance  of  one  inch.  The  fine  wire  coil  was  connected  to  an 
electro-dynamometer  having  a  resistance  of  100  ohms  and  being 
free  from  metallic  masses  near  the  coils. 

The  500-volt  machine  was  then  operated  as  a  motor,  and  two 
sets  of  readings  were  taken  with  the  air-core  transformer  and 
electro-dynamometer  to  compare  with  those  taken  with  the  iron- 
core  transformer  and  the  Weston  voltmeter.  The  averao^cs  of 
ten  readings  taken  at  each  position  of  the  brushes  are  given  in 
Table  II.,  from  which  it  is  seen  that  except  for  the  extreme 
forward  position  of  the  brushes,  the  pulsations  in  the  current  are 
greater  with  13.3  amperes  than  with  0.3  amperes,  as  might 
naturally  be  expected.  From  later  experience  it  is  believed  that 
inaccuracy  in  setting  the  brushes  or  a  possible  slight  displace- 
ment of  the  index  would  account  for  the  apparently  greater 
deflections  by  the  smaller  current  at  positions  of  forward  lead. 

While  the  iron-core  transformer  was  in  series  with  the  arma- 
ture, another  experiment  was  tried  to  discover  the  eifect  of 
staggering  the  brushes.  The  load  on  motor  was  kept  constant 
and  two  runs  were  made,  one  with  the  brushes  set  normally,  all 
leaving  commutator  bars  simultaneously ;  while  in  the  second 
run,  the  positive  brushes  were  left  in  their  usual  position  while 
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the  negative  brushes  were  blocked  out  so  that  their  toes  were  at 
the  middle  of  a  bar  when  the  toes  of  the  positive  brushes  were 

TABLE  11. 

Effect  of  Brush  Position   upon    Fluctuations   Through    Trans- 
former Witli  Air  Core.     500- Volt  Motor. 


B.  M.  F.  on  ! 

Secondary. 

Position  of  Bru«hes. 

6.3  Ampcrt*. 

13.3  Amperes. 

. 

4 

— 

303 

4>i 

266 

(") 

A'A 

(2i) 

30 

4^ 

19.1 

(17.5) 

5 

>4  « 

12.5 

b% 

ia.4 

14  I 

6 

"i 

14.2 

6^ 

9.2 

li.9 

7 

12.8 

>3  4 

754 

■  2.8 

152 

^ 

«3-4 

18.7 

s% 

15  4 

207 

y 

71 

26.1 

9^ 

373 

— 

just  leaving  a  bar.  The  brush-yoke  was  then  moved  to  different 
positions  and  corresponding  readings  were  taken  on  the  volt- 
meter in  the  secondary  circuit.  The  readings  given  in  Table  III. 
show  that  staggering  the  brushes  effects  a  considerable  reduction 
in  the  irregularities  of  the  current.  In  the  machine  under 
experiment  the  carbon  brushes  spanned  two  whole  bars  of  the 
commutator,  so  that  displacing  one  set  only  a  half  bar  had  less 
effect  than  would  be  expected  if  the  brushes  covered  only  the 
width  of  one  bar.  That  the  pressure  upon  the  carbon  brushes 
has  a  considerable  effect  upon  the  smoothness  of  the  current 
from  the  generator  is  shown  by  an  experiment  in  which  the 
electro-dynamometer  gave  a  deflection  of  53.5  millimeters  when 
the  pressure  against  the  carbon  brushes  was  only  moderate, 
while  it  was  reduced  to  7.4  by  tightening  the  springs,  the  cur- 
rent remaining  ♦i.O  amperes  in  both  cases.  The  time  at  our 
disposal  did  not  allow  further  tests  along  this  line,  but  it  sug- 
gests an  interesting  field  for  studying  how  the  smoothness  of  tho 
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s  u  and  one  of  312  turns  of  No.  20  b  &  8  <>.  These  were  arranged 
80  that  the  coarse  coil  in  series  with  the  armature  remained 
stationary,  while  the  other  was  movable  along  a  pine  stick  parallel 
to  their  common  axis  The  telephone  receiver  was  then  con- 
nected to  the  fine  wire  coil,  and  the  armature  current  was  sent 
througli  the  coarse  wire  coil.  By  moving  the  fine  wire  coil  along 
the  stick  it  was  intended  to  find  the  position  where  the  sound  in 
the  telephone  would  disappear.  But  the  arrangement  proved  to 
be  too  sensitive  even  when  onlv  one  turn  of  the  coarse  wire  was 
left  in  circuit  and  the  fine  wire  coil  was  moved  100"  away,  the 
sound  from  the  motor  still  being  quite  distinguishable.  As  at 
that  time  the  writer  did  not  recall  the  diiferential  method  of 
opposing  the  action  of  the  first  coil  by  that  of  a  third,  in  which  a 
uniform  alternating  current  might  be  sent  from  an  independent 
source,  and  as  later  it  was  questioned  whether  the  balance  would 
be  reliable  because  the  pulsations  at  the  armature  were  not  sine 
functions,  it  was  decided  to  make  use  of  a  sensitive  electro-dyna- 
mometer for  measuring  the  currents  induced  in  the  secondary 
of  the  air-core  transformer.  After  some  preliminary  work  the  two 
coils  were  arranged  on  a  common  axis,  being  separated  by  the 
distance  of  one  inch.  The  fine  wire  coil  was  connected  to  an 
electro-dynamometer  having  a  resistance  of  lOO  ohms  and  being 
free  from  metallic  masses  near  the  coils. 

The  500-volt  machine  was  then  operated  as  a  motor,  and  two 
sets  of  readings  were  taken  with  the  air-core  transformer  and 
electro-dynamometer  to  compare  with  those  taken  with  the  iron- 
core  transformer  and  the  Weston  voltmeter.  The  averages  of 
ten  readings  taken  at  each  position  of  the  brushes  are  given  in 
Table  II.,  from  which  it  is  seen  that  except  for  the  extreme 
forward  position  of  the  brushes,  the  pulsations  in  the  current  are 
greater  with  13.3  amperes  than  with  0.3  amperes,  as  might 
naturally  be  expected.  From  later  experience  it  is  believed  that 
inaccuracy  in  setting  the  bnishes  or  a  possible  slight  displace- 
ment of  the  index  would  account  for  the  apparently  greater 
deflections  by  the  smaller  current  at  positions  of  forward  lead. 

While  the  iron-core  transformer  was  in  series  with  the  arma- 
ture, another  experiment  was  tried  to  discover  the  effect  of 
staggering  the  brushes.  The  load  on  motor  was  kept  constant 
and  two  runs  were  made,  one  with  the  brushes  set  normally,  all 
leaving  commutator  bars  simultaneously ;  while  in  the  second 
run,  the  positive  brushes  were  left  in  their  usual  position  while 
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the  negative  brushes  were  blocked  out  so  that  their  toes  were  at 
the  middle  of  a  bar  when  the  toes  of  the  positive  brushes  were 

TABLE  II. 

Effect  of   Brush  Position   upon    Fluctuations   Through    Trans- 
former With  Air  Core.     500- Volt  Motor. 


B.  M.  F.  on  ! 

Secondary. 

Position  of  Brushes. 

6.3  Amperes. 

13.3  Amperes. 

4 

— 

303 

4H 

266 

(22) 

4ji 

(2a) 

30 

4$H 

19. 1 

(17-5^ 

5 

»4  I 

".5 

b% 

12.4 

14  I 

6 

11.3 

14.2 

6J4 

g.2 

12.9 

7 

12.8 

134 

7H 

12.8 

V">a 

^ 

»3-4 

i8.7 

8H 

«S4 

20  7 

y 

22 

26.x 

9n 

37  3 

— 

just  leaving  a  bar.  The  brush-yoke  was  tlien  moved  to  different 
positions  and  corresponding  readings  were  taken  on  the  volt- 
meter in  the  secondary  circuit.  The  readings  given  in  Table  III. 
show  that  staggering  the  brushes  effects  a  considerable  reduction 
in  the  irregularities  of  the  current.  In  the  machine  under 
experiment  the  carbon  brushes  spanned  two  whole  bars  of  the 
commutator,  so  that  displacing  one  set  only  a  half  bar  had  less 
effect  than  would  be  expected  if  the  brushes  covered  only  the 
width  of  one  bar.  That  the  pressure  upon  the  carbon  brushes 
lias  a  considerable  effect  upon  the  smoothness  of  the  current 
from  the  generator  is  shown  by  an  experiment  in  which  the 
electro-dynamometer  gave  a  deflection  of  53.5  millimeters  when 
the  pressure  against  the  carbon  brushes  was  only  moderate, 
while  it  was  reduced  to  7.4  by  tightening  the  springs,  the  cur- 
rent remaining  ♦>.♦)  amperes  in  both  cases.  The  time  at  our 
disposal  did  not  allow  further  tests  along  this  line,  but  it  sug- 
l^ests  an  interesting  field  for  studying  how  the  smoothness  of  tho 
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current  is  alfected  by  widtli  of  brusiiet^  by  various  kinds  of 
bmsli  sacb  as  carbon,  copper,  leaf,  gauze,  and  the  various  anti- 
sparking  high  resistance  materials  on  the  market.  It  seems 
proliable  als^i  that  the  l>est  pressure  and  best  angle  for  the  carl)on 
brushes  might  be  studied  to  advantage  by  the  telephone  or 
electro-dynamometer  method. 

TABLE  III. 

Effect  of  Staggered  Brushes  upon  Fluctuations  Through  Trans- 
former With  Iron  Core.    500- Volt  Motor.       Taking  5  Amperes. 

Volts  OD  Secondary.  > 

I 

Priftition  of  Bru»h-Voke  ~'^~    ~~  ~ 

Brushes  Opposite.  Krushes  Staggered. 


aH 

— 

20 

20 

8 

3'^ 

Zl 

— 

8 

^•5 

7 

1 

6  ■? 

■ 

/ 

1 

^ 

7 

/ 

8 

— 

, 

7 

1 

1                 By, 

9 

8 

1 

I 

In  the  experiments  with  tlie  r)0O-vult  motor  it  was  thouglit 
that  perha|)8  the  fluctuations  of  the  generators  were  atfecting 
the  results,  so  that  it  was  decided  to  examine  a  generator 
working  on  loads  of  various  kinds  and  amounts.  As  at  that 
time  the  University  lighting  plant  had  shut  down  fur  the  sum- 
mer, it  was  imi>racticable  to  drive  the  5n()-volt  machine  as  a 
generator  by  one  of  the  other  ma(»hine8,  and  it  was  therefore 
used  as  a  motor  to  drive  an  Edison  generator  upon  whicli  further 
experiments  were  made.  This  machine  has  a  smooth  armature 
core  and  so  is  not  strictly  comparable  with  the  toothed  machines 
whose  pulsations  disturhed  the  telephones  referred  to  at  the  out- 
set, hut  it  was  believed  that  fr(»m  its  stud v,  results  could  be 
obtained  that  would  throw  some  light  upon  the  general  subject 
(»f  th(»  disturbances. 

The  E<lison  dynauK*  was  run  at  a  speed  of  12<)5  revolutions  per 
minute,  so  that  the  product  of  revolutions  by  commutator  bars, 
\2(i't  X  50,  would  e(]ual  a  similar  i)roduct  for  the  r)()U-volt  motor 
whicli  had  Or)  bars  and  ran  at  <»60  revolutions   per  minute.     The 
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results  witli  tlie  two  machines  are  not  strictly  comparable,  because 
one  was  operated  as  a  motor  and  the  other  ds  a  dynamo,  the 
motor  operating  at  50()  volts  and  the  dynamo  at  93  volts  with 
one  current,  and  at  67  volts  with  a  larger  current.  The  normal 
voltage  of  110  could  not  be  maintained  on  account  of  the  low 
speed  adopted  in  order  to  keep  the  frequency  the  same.  Sets  of 
readinos  were  then  taken  with  the  Edison  dynamo  delivering  0.3 
and  12.6  amperes  through  a  non-inductive  resistance,  while 
o[)erating  with  the  fields  excited  first  by  a  storage  battery,  then 
as  a  shunt  machine,  then  as  a  highly  over-compounded  machine. 

TABLE  IV. 

EiTccts  of  Field  Excitation  and  Armature  Current  upon  Fluctuations 
Through  Air  Core  Transformer.     Edison  Dynamo.     On  Non-inductive  Load. 


I'osition 

of 

. 



6-3 

Amp 

3 

— 

3J4 

— 

4 

47.1 

4?c 

2<i.2 

5 

7-5 

5J< 

1.8 

(') 

«.5 

^'J4 

».4 

7 

.^5 

73. 

y-4 

S 

26  (j 

8  k' 

50.6 

8^' 

— 

0 

437 

Field  Kxcitcd  by  Battery. 


Sclf-Excitcd,  Shunt. 


Self-Exctled, 
Compound. 


I 


6.3  Amperes.       12  6  Amperes,   i  12.6  Amperes. 


1576 
ii8  7 

'-^5-7 
36.1 

7.6 

51 
2.0 

1 1.9 

»3 
\i 

9»-3 


3>y 
310 
170.4 
114.2 

37-9 
6 

o 

o 

1-4 

13-6 
41-3 
MS 

22b 


357 

>30 
62.8 
20.6 

?9 
a. I 

17 
34 

74.3 
208 
39a 


2145 
228.5 

»3«-3 

55-a 

20 

55 

2 

1.5" 
4 
12.4 

27 
34- > 

54-3 


The  electro-dynamometer  readings  given  in  Table  IV.  are  the 
nieann  of  from  4  to  14  readings  t^ken  at  the  various  positions. 
Examination  of  the  figures  shows  that  for  the  same  current,  the 
pulsations  with  the  low- voltage  Edison  smooth  core  dynamo  are 
always  loss  than  those  with  the  500- volt  with  toothed  armature. 
It  is  a  source  of  rciirret  that  no  machines  were  readily  available 
liaving  similar  voltage  and  capacity  and  diflFering  only  in  the 
armature  core.  It  is  hoped  to  obtain  access  to  such  similar  ma- 
ciiines  for  further  stud  v.     It  will  be  noted  further   that  with  a 
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given  excitation  of  field,  the  fluctuations  of  current  are  always 
greater  with  the  larger  current,  (renerally  gpeaking,  the  fluc- 
tuations are  less  with  the  fields  excited  by  current  from  the 
storage  battery  than  when  self-excited,  also  the  fluctuation  a 
are  much  more  with  the  shunt  machine  than  with  the  compound. 
During  the  experiments,  a  periodic  wavy  sound  was  noted  in  the 
telephone.  This  was  traced  to  the  slight  end  motion  of  the 
armature  and  was  stopped  by  adjusting  the  thrust  bearing. 

A  preliminary  experiment  with  the  fields  separately  exeited 
showed  that  an  inductive  load  had  the  effect  of  smoothing  out 
the  fluctuations  so  .that  thev  became  insensible.  When  the  cur- 
rent  was  sent  into  the  fields  of  an  alternator  (whose  armature 
was  at  rest),  the  ele<rtro-dynamometer  gave  no  deflection  what- 
ever for  any  safe  position  of  the  brushes.  The  telephone  receiver 
was  then  substituted  for  the  electro-dynamometer  in  the  second- 
ary circuit  of  the  air-core  transformer  whose  primary  was  in 
the  main  circuit,  and  no  sound  was  perceptible  until  the  brushes 
were  moved  to  the  extreme  forward  "position  2,"  where  the 
sparking  was  vicious. 

The  smallness  of  the  pulsations  when  the  dynamo  was  excited 
by  the  battery  current,  suggested  that  the  fluctuations  affected 
the  field  current.  A  telephone  receiver  without  any  connections 
was  placed  near  the  pole-pieces  of  the  dynamo,  and  immediately 
a  roaring  noise  was  heard  which  was  in  exact  unison  with  that  of 
the  brushes.  This  noise  in  the  receiver  seemed  to  be  of  the  Fiamc 
intensity  whether  the  machine  was  delivering  12  or  0  amperes 
or  whether  the  external  circuit  was  entirely  open.  The  only 
difference  one  could  detect  in  the  telephone  was  a  slight  lower- 
ing of  pitch  corresponding  with  the  lowering  of  the  speed  of 
the  dynamo  when  the  load  was  thrown  on.  The  brushes  were 
then  raised  and  the  fields  excited  by  the  battery ;  no  noise  was 
heard.  But  as  soon  as  one  brush  was  lowered  ui)on  the  commu- 
tator, the  familiar  roaring  was  heard.  This  noise  was  greater 
when  the  one  brush  was  moved  toward  the  sparking  position. 
The  noise  was  also  increased  when  a  second  brush  was  lowered 
upon  the  opposite  side  of  the  conmiutator.  For  any  given  posi- 
tion of  the  brushes,  the  volume  of  the  noise  was  entirely 
unaffected  by  the  conditions  of  the  outside  circuit.  In  order  to 
learn  whether  this  disturbance  by  the  current  in  the  coils  short- 
circuited  by  the  brushes  was  simply  electro-dynamic  or  whether 
it  was  electro-magnetic,  the  telephone  was  moved  to  various 
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positions.  In  each  'caee  the  noise  was  greater  in  positions  wliere 
the  ordinary  magnetic  leakage  from  the  pole-pieces  was  known 
to  be  greatest.  The  sound  from  the  short-circuited  armature 
coil  alone  could  not  be  distinguished  near  the  head  of  the  arma- 
ture. A  high -resistance  galvanometer  coil  was  next  connected 
with  the  telephone  and  moved  to  various  positions  about  the 
dvnamo.  The  results  uniformlv  corroborated  those  obtained 
with  the  telephone  directly.  The  currents  in  the  coils  short- 
circuited  by  the  brushes  therefore  atfect  the  magnetism  of  the 
iron  of  the  iield  magnet,  altliough  one  would  hardly  expect  that 
sluggisli  cast-iron  and  solid  wrought-iron  would  respond  to  1054 
complex  cycles  per  second.  To  make  sure  that  the  magnetism 
of  the  whole  circuit  did  actually  pulsate,  the  external  circuit  of 
the  dynamo  was  opened,  all  the  brushes  were  raised,  battery 
current  was  sent  through  the  field  coil,  and  the  telephone  was 
shunted  around  part  of  the  regulating  rheostat  in  the  field  cir- 
cuit. Tlie  telephone  remained  quiet  until  one  brush  was  lowered, 
when  the  same  roaring  was  noted  again,  showing  that  the  field 
current  was  caused  to  pulsate  by  the  short-circuited  armature 
coils.  This  phenomenon  is  akin  to  that  noted  with  alternators 
whose  armature  reaction  causes  the  field  current  from  the  exciter 
to  pulsate  in  unison  with  the  alternating  current. 

The  previous  experiment  seems  to  show  that  the  fluctuations 
in  the  current  do  indeed  come  from  some  action  of  the  brushes 
and  commutator;  but  further,  that  it  is  not  due  eatirely,  perhaps 
not  at  all,  to  the  simple  cutthig  of  an  armature  coil  out  of  the 
main  circuit.  It  is  due  rather  to  the  more  roundabout  action  of 
the  current  through  the  short-circuited  coil,  causing  pulsation  in 
the  strength  of  the  whole  field  and  so  affecting  the  total  e.  m.  k. 
induced  in  the  whole  armature.  In  the  case  of  the  shunt 
dynamo,  the  magnetic  field  fluctuates  not  only  from  direct 
influence  of  the  current  in  the  short-circuited  coil,  but  also  from 
the  fact  that  this  in  turn  affects  the  current  in  the  field  and 
thereby  again  affects  the  total  magnetization.  Later  measure- 
ments of  the  instantaneous  values  of  the  external  current  at 
different  epochs  of  the  pulsation  seem  to  indicate  such  action. 
The  etTect  of  the  series  coils  seems  to  be  a  smoothing  out  of  the 
tiuctuations,  the  self-induction  of  the  coil  having  more  effect 
upon  the  current  passing  than  upon  the  magnetization. 

The  pulsations  are  greatly  affected  by  the  condition  and  the 
setting  of  the  brushes.     To  such  an  extent  is  this  true  that  it  is 
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difficult  to  obtain  two  consecutive  curves  Miliich  coincide.  The 
•light  ^'tAriujiof  the  bniirhes  during  a  run  of  lese^  than  an  hour 
when  thev  are  outsi^ie  the  noiJ-8parking  region,  will  introduce 
changcn  that  entirely  uia^k  the  variaMe^  which  it  ii<^  Ktugbt  to 
examine.  In  fa^rt,  the  comlition  of  the  !»ru>hes  seems  to  have 
more  effect  on  the  pul^^tions  than  anything  else,  so  that  the  sug- 
gestion lia«  arisen  that  operators  could  readily  check  tlie  setting 
of  the  hruslies  by  intro^lucing  a  coil  and  electro-dynamometer 
iuUj  the  circuit  of  each  machine  at  such  intervals  as  might  be 
desiralile. 

TABLE  V. 

Efffr^jt*)  of  FieM  Excitation  and  Armature  Current  npr.n  Fluctuations 
Through  Air  Core  Transformer.       Edison  Dynamo  on  Xon- Inductive  Load. 


bhuDt  Machine.  cr»mpoi:i]d  Machine. 

F<>»ition  oi  Ijrufthes.  "     ""      "        "        ~ 
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To  show  how  largely  the  fluctuations  of  current  are  aifected 
by  the  setting  of  the  brushes  and  the  brui^li-yoke.  Table  V.  is 
given  for  comparison  with  Table  IV.,  all  the  conditions  being 
apparently  the  same  except  a  small  difference  in  the  current. 
The  readings  in  Table  IV.  were  obtained  by  going  through  the 
whole  curve  for  different  positions  of  brush-yoke  with  one 
arrangement  of  the  circuits ;  for  example,  as  a  simple  shimt  ma- 
chine giving  r).3  amperes,  and  then  changing  the  circuits  and 
taking  readings  for  another  series  of  brush-yoke  settings.  The 
readings  for  Table  V.  were  taken  by  keeping  the  brushes  and 
yoke  in  a  constant  position,  while  the  corresponding  readings  for 
the  four  curves  were  obtained  with  the  help  of  switches  that 
changed   the  circuits  and   current*.     From  an  inspection  of  the 
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two  tables  it  is  seen  that  the  same  general  relations  exist  among 
the  four  corresponding  curves,  although  corresponding  curves 
for  the  same  arrangements  of  circuit  on  the  two  different  days 
do  not  at  all  coincide.  Some  irregularities  from  undiscovered 
sources  affected  the  readings  so  that  they  are  not  of  best  value, 
yet  they  illustrate  the  point  that  apparently  small  matters  may 
greatly  affect  the  relative  amount  of  fluctuation  in  the  current. 

It  was  planned  to  carry  on  next,  a  series  of  experiments  to 
determine  the  relative  pulsations  in  the  currents  supplied  from  a 
number  of  individual  machines,  and  a  current  of  ecjual  strength 
supplied  from  the  same  machines  working  in  parallel,  but  a  mishap 
in  the  laboratory  delayed  such  work  until  too  late  to  report  at 
this  meeting.  It  is  believed,  however,  that  when  a  number  of 
machines  are  operating  in  ])arallel,  the  fluctuations  from  the 
various  machines  combine  so  as  to  form  a  resultant  fluctuation 

less  than  that  from  anv  one  machine.     This  is  believed  to  be 

%■' 

one  of  the  two  principal  reasons  why  the  fluctuations  in  the 
current  from  the  rotaries  now  used  by  the  lighting  and  railway 
companies  referred  to  above,  are  much  greater  than  they  were 
when  each  company  was  using  a  comparatively  large  number  of 
small  machines  in  parallel. 

The  other  principal  reason  for  the  greater  pulsation  is  believed 
to  be  the  fact  that  the  rot«ries  now  used,  have  toothed  armatures 
and  laminated  pole-pieces,  while  the  machines  formerly  used  had 
solid  cast-iron  pole-pieces  and  had  smooth  body  armatures.  In 
the  case  of  the  rotaries  the  magnetic  circuit  has  less  reluctance, 
and  the  self-induction  of  the  coils  is  greater,  and  the  current  in 
the  short-circuited  coil  therefore  reacts  more  strongly  upon  the 
field,  which  responds  more  readily,  and  so  causes  the  total  voltage 
to  vary  to  a  greater  extent  than  occurs  with  the  smooth  body 
machine.  It  is  desirable  to  test  two  machines  which  are  identical 
e\<*c|)t  that  one  has  a  toothed  armature  while  the  other  has  a 
smooth  core  armature. 

With  so  many  elements  liable  to  change,  it  seemed  at  first 
impossible  to  obtain  the  instantaneous  values  of  the  current  so 
as  to  plot  curves  for  the  pulsations.  The  whole  pulsation  is  so 
small  a  ))art  of  the  total,  one  per  cent,  or  less,  that  the  common 
methods  of  getting  the  curves  by  fall  of  potential  seemed  unprom- 
ising, since  the  voltage  on  the  power  fluctuated  circuit  through 
([uite  a  range.  It  was  suggested  that  the  pulsations  of  voltage 
might  be  measured  directly  by  putting  a  battery  in  the  condenser 
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circuit  go  as  to  oppose  the  principal  e.  m.  f.  of  the  circuit,  leaving 
the  condenser  to  be  charged  only  by  the  pulsating  difference 
lietween  the  e.  m.  f.  of  the  batterv  and  that  of  the  line.  Time 
did  not  permit  trying  this  method.  Another  method  contem- 
plated was  to  use  two  standard  condensers,  one  of  which  should 
be  connected  into  tlie  circuit  at  a  fixed  instantaneous  point,  while 
the  otlier  should  he  connected  into  the  circuit  at  different  points. 
Thus  one  wouhl  l>e  ehar<^ed  with  the  whole  voltage  at  one  part 
of  the  fluctuation,  while  the  other  would  he  charged  at  some 
definite  interval  from  the  first.  By  connecting  the  two  con- 
densers through  a  ballistic  galvanometer,  a  kick  would  be  caused 
by  the  difference  l>etween  the  two  charges.  Tpon  obtaining  two 
standard  mica  condensers  from  two  different  well-known  firms, 
the  two  were  found  not  to  agree  within  two  j>er  cent.,  and  so 
that  method  was  temporarily  laid  aside.  By  the  two  condenser 
method,  the  curve  could  be  obtained  in  a  way  similar  to  a  com- 
mon method  for  obtaining  curves  of  potential  around  a  commu- 
tator, either  by  the  single  or  double  brush  method.  For  this 
purpose,  ordinary  paraffin  condensers  are  of  little  use,  since 
with  a  water  jet  device  the  actual  time  of  conta<-t  is  a  small  frac- 
tion of  a  second,  even  though  the  condenser  be  kept  charging 
for  a  whole  minute  for  each  reading. 

A  number  of  attempts  were  made  to  obtain  curves  of  the  in- 
stantaneous values  of  the  pulsations  of  the  current,  but  none  gave 
entirely  satisfactory  results.  A  number  of  curves  were  obtained, 
each  of  which  showed  a  high  sharp  peak  at  the  i>oint  where  a 
commutator  bar  left  the  brush.  There  is  in  each  case  another 
but  less  marked  peak  at  a  point  corresponding  to  tlie  middle  of 
each  !)ar.  The  exact  cause  of  the  second  peak  has  not  yet  l)een 
definitely  located,  it  being  probably  due  either  to  the  entering 
of  a  bar  under  the  brush,  or  to  the  delaved  effect  of  the  fluctuation 
in  the  field  current. 

As  stated  at  the  outset,  these  experiments  arc  only  preliminary 
and  incom|)lete,  but  they  suggest  an  intensely  interesting  field 
for  further  experiment. 
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THE  GRAPHICAL  TREATMENT  OF  ALTERNATING 
CURRENTS  IN  BRANCHING  CIRCUITS 


With  Spkc^ial  RkfkrencktothkCasp:  of  Variable  Frequency. 


BY  IIKNRY  T.  EDDV. 


1.  Let  a  simple  harmonic  k.  m.  f.  whose  constant  maximum 
pressure  is  E  volts  be  applied  to  the  common  terminal  of  the 
two  branches  of  the  split  circuit  shown  in  Fig.  1. 
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Eacli  of  the  branches,  designated  as  1  and  2,  is  taken  to  have 
in  it  either  a  condenser  or  a  self-inductive  resistance  in  series 
with  an  ohmic  resistance  of  /i*i,  or  i?^,  ohms;  but  no  mutual  in- 
duction between  the  branches  is  supposed  to  exist.  After  treat- 
ing the  special  cases  in  which  tliere  is  one  kind  of  resistance  only 
in  each  branch,  besides  ohmic  resistance,  viz:  either  a  condenser 
in  one  branch,  and  a  self-induction  in  the  other;  or  a  condenser 
alone  in  each  branch;  or  self-induction  alone  in  each  branch;  the 
general  case  in  which  both  branches  have  in  series  condensers  and 
self  inductive  resistances  as  well  as  ohmic  resistances  will  be  made 
to  (K^piMul  upon  the  special  cases  first  treated. 
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In  case  the  pressure  E  acts  between  the  terminals  of  branch 
1,  having  a  resistance  of  li^  olims  and  a  ca])acity  of  (■  =  1  /  K 
farads,  the  maximum  current  of  J^  amperes  may  be  found  from 
the  clock  diagram,  Fig.  2,  in  which  /,  is  the  chord  0  /\  of  the 
serai-circle  whose  diameter  is  ()  E^  =  E/Ri^  and  Oi  the  lead  of 
/j  is  given  by  the  equation. 

ta.i  e,  =  ,5-  (1) 

If  I   CO 

in  which  co  =  2  n  ;r  is  speed  or  angular  velocity,  and  //  is  fre- 
quency or  number  of  complete  alternations  per  second. 

Now 


Fig.  2. 


E                   F  1 

L  z=L      '   cos  #.  =  -1    -  (2) 

'         /A  Ii^    (1  +  tan  #,)'=  ^  ^ 

Jlence  7,  increases  from  the  value  zero  to  EjR^  as  io  and  the 
f recpiency  increases  from  zero  to  inlinity. 

It  will  be  convenient  in  treating  variable  fre(|iieiicy  to  speak 
of  io  as  the  measure  of  the  fre(|uency. 

Similarly,  in  a  second  branch  having  a  resistance  of  //.,,  ohms 
and  self-induction  of  L  henrys,  the  pressure  ^'causes  a  maximum 
current  of  /g  amperes  shown  in  Fig.  W  as  the  (•lK)rd  <>  /\.  of  tlie 
semicircle  whose  diameter  is  (>  Ei  =  E//k\,  and  the  lag  fl^  is 
given  by  the  equation 

tan  ff,  =  ly;,  (3) 
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But 

hetiee  /^  decreases  from  the  value  E/R^  to  zero  as  tlie  fre- 
quency increases  from  zero  to  infinity. 

The  semi-circles  in  Figs.  2  and  3  are  the  loci  of  the  extremities 
of  the  vectors  representing  the  maxima  values  of  the  currents  /, 
and  Li  in  case  R^  and  R2  remain  constant,  while  a  =  tan  di  and 
y5  zzz  tan  02  are  made  to  vary  from  zero  to  infinity  or  rm'  verm^ 
either  by  varying  w  alone,  or  K  and  L  alone,  or  by  varying  these 
all  at  once. 

It  is  convenient  to  regard  a  and  ^9  as  a  kind  of  coordinates  for 
expressing  the  properties  of  split  circuits. 


Fir..  8. 

2.  For  example,  in  the  case  represented  in  Fig.  1,  of  a  capac- 
ity (.'  in  branch  1,  and  a  self-induction  L  in  branch  2,  take  one 
coordinate  constant,  as  for  instance  let  a  =  tan  0i  =  2,  while  /? 
=  tan  0.»  is  variable.  Then  if  we  lay  off  in  Fig.  4  O  Ei  =  E/R^ 
and  (J  E2  =  E/R2  we  have  /,  =  (>  Pi  which  vector  will  be 
fixed  in  magnitude  and  position,  so  long  as  a  is  constant.  J^ut 
/^,  the  extremity  of  the  vector  /.^  =  O  P^  will  describe  the 
semi-circumference  (>  E^,  from  0  to  ^  as  /9  decreases  from  in- 
finity to  zero  through  the  successive  values  shown  on  Fig.  4. 

llcnco  /^,  the  extremity  of  the  vector  O  P  =  /which  repre- 
sents the  total  current  produced  by  E  in  both  branches,  or  the 
resultant  of  7,  and  /j,  describes  a  semi  circumference  whose  di- 
ameter is  equal  and  parallel  to  O  ^,  and  beginning  at  the  fixed 
point  7\  the  extremity  P  describes  the  complete  semi-circumfer- 
ence while  /5  decreases  from  infinity  to  zero.     In  like  manner  are 
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to  be  located  the  otlier  senii-circumferences  along  which  a  has 
the  successive  constant  values  shown  in  Fig.  4.  They  are  each 
to  be  constructed  by  locating  P^  upon  the  circumference  of  the 
serai-circle  <)  Ex  in  such  successive  positions  that  0  P^  will  cause 
the  corresponding  co-ordinate  tan  #,  =  a  to  assume  the  required 
constant  values.  Their  centers  all  lie  on  the  circumference  of  the 
semi-circle  d^  ^V-  A  set  of  semi-circles  whose  diameters  are 
equal  and  parallel  to  O  E^  and  whose  centers  lie  on  the  semi- 
circle (\  Ci  will  likewise  begin  at  successive  fixed  points  P% 
along  the  semi- circle  (>  E^  and  will  show  the  locus  of  the  ex- 
tremity of  the  vector  I  z=.  ()  P^  for  successive  constant  values  of 
tan  ^2  while  a  =  tan  0  decreases  from  infinity  to  zero,  as  shown 
also  in  fig.  4.  From  this  point  on,  we  shall  for  the  sake  of 
brevity  use  the  terms  circle  and  semi-circle  to  designate  circum- 
ference and  semi-circumference. 

When  both  these  series  of  semi-circles  have  been  drawn  upon 
a  diagram,  for  a  set  of  successive  numerical  values  of  the  co- 
ordinates lying  near  together,  we  then  have  in  effect  a  table  from 
which  the  value  of  O  P  =  /can  be  found  by  observing  at  what 
point  the  semi-circles  intersect  for  any  given  values  of  the  co- 
ordinates. For  example  in  Fig.  4  we  have  represented  the  cur- 
rent /  =  (>  P  for  a  =  2  and  ^  =  1,  which  may  be  expressed 
in  abbreviated  notation  more  convenientlv  bv  designatinff  this 
point  P  as  the  point  (2,  1), 

In  case  the  semi-circles  of  each  set  are  drawn  for  successive 
values  of  the  co-ordinates  at  small  numerical  intervals,  interpola- 
tion for  intermediate  values  will  l)e  readily  effected. 

Different  diagrams  will  be  required  for  different  ratios  of  Ry 
to  /i?2 '  ft"  other  changes  require  a  change  of  scale  only  in  order 
to  measure  /. 

Fig.  4  has  been  constructed  for  ^,  =  J  R.^,  Were  R^  ^=  '2,  R^ 
while  (J  and  L  remained  unchanged  in  their  respective 
brancihes,  the  diagram  would  be  turned  upside  down,  and  be  in 
effect,  a  retlection  of  Fig.  4  in  (>  Q, 

Now  the  two  seti^  of  semicircles  are  so  situated  with  reference 
to  each  other  that  some  of  the  semi-circles  of  one  set  may  ap- 
j)arently  intersect  certain  ones  of  the  other  set  in  two  points. 
I»nt  if  the  matter  l)e  rightly  considered,  such  double  intersections 
do  not  n»ally  occur;  for  the  area  we  are  considering,  is  enclosed 
hy  the  five  semi-circles  whose  centers  are  at  C^  0^  C  6V  C^. 
Jlencc  X  /f,  and  S  Zi^  are  portions  of  its  bounding  edges  just  as 
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truly  as  .V  O  and  S  Q.  In  fact  the  area  coneiste  of  two  equal 
parts  or  leaves  which  partially  overlap :  the  first  leaf  bounded  by 
the  three  semi-circles  whose  centers  are  C  C\  C^^  and  the  second 
leaf  by  the  three  whose  centers  are  0  C^  Vi,  These  two  leaves 
are  joined  along  the  semi-circle  Ex  T  f^  which  thus  forms  an 
edije  of  juuviion  and  our  tabular  diagram  would  be  correctly 
constructed,  were  it  actually  made  of  two  leaves  united  along 
this  semi-circle  and  not  elsewliere.  It  will  be  noticed  that  every 
semi-circle  of  each  set  touches  this  semi-circle  E^  T  E^  which  is 
therefore  the  envelope  of  Iwth  sets.  Every  semi-circle  of  either 
set  begins  at  /^  or  P^  at  the  edge  of  the  first  leaf,  and  if  a  point 
P  start  at  /^  or  /^^  and  move  along  one  of  these  semi-circles,  it 
traverses  the  first  leaf,  reaches  the  point  of  tangency  on  the 
edge  of  junction,  then  enters  upon  the  second  leaf,  and  finally 
reaches  the  edge  of  the  second  leaf.  C-onsidered  in  this  way,  as 
it  must  be,  no  semi-circle  of  one  set  has  more  than  one  intersec- 
tion with  any  semi-circle  of  the  other  set.  But  any  point  of  the 
first  leaf  within  the  area  S  E^  T  Ei  falls  upon  a  point  of  the 
second  leaf  having  (>  P  =  7  identically  the  same  for  both.  In 
other  words,  there  are  two  perfectly  distinct  ways  of  producing 
the  same  total  current  in  case  P  falls  within  this  area.  In  case 
however  that  P  fall  within  either  leaf  and  outside  this  area, 
there  is  one  way  only  of  producing  the  current  /  =  O  /^,  while 
no  possible  variations  of  frequency  can  make  P  fall  outride 
both  leaves. 

Consider  some  point  (//,,  ^i)  in  the  first  leaf,  say  (2,  ^^)\  then 
7^^  the  corresponding  double  point  at  the  apparent  second  inter- 
section of  these  semi-circles  is  numerically  very  near  (^**^,  3)  in 
the  first  leaf,  and  (2,  J)  in  the  second  leaf;  while  the  point  («.^, 
^^  in  the  second  leaf  to  which  this  (loul)Ie  point  corresponds 
is  very  near  ( ,V  i).  In  other  words  the  double  ])oint  (a„  ^^^ 
(fju^  fi^)  corresponds  to  both  (a,,  ;?,)  and  («.j,  fi,).  It  also  bisects 
the  distance  between  them,  for  the  center  <»f  the  semi-circle 
/ij  (  =  2,  say)  must  be  moved  the  same  distance  in  the  same 
direction  to  change  it  to  «.,  (  =  -^^^^,  sav)  as  the  center  of  the 
semi-circle  fii  (  =  15,  say)  to  change  it  to  ^i.^  <  =  i,  say),  viz: 
the  distance  from  one  of  these  points  to  the  <louble  point. 

According  to  this  way  of  viewing  the  t^ubject,  any  point,  as 
(2,  i)  is  regarded  as  located  by  starting  from  O  and  following 
successive! v  two  of  the  arcs  which  form  the  si<les  of  the  curvi- 
linear  parallelogram,  whose  angular  |>oints  are  (  a,  cr. )  at  <">,  (  or>,  -J)^ 
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(2,  oc)  and  (2,  \)  by  a  geometric  addition  of  sides.  It  will  be 
noticed  that  the  order  of  the  addition  is  unimportant,  and  that 
the  point  arrived  at,  is  in  the  second  leaf,  whichever  order  be 
followed.  The  actual  parallelograms  of  currents  are  the  chords 
of  side?^  of  the  curvilinear  parallelogram. 

Every  possible  value  of  the  total  current  /  lies  between  ()  Q 
=  El  Jii  +  El  Iti  and  zero.  There  is  a  minimum  value  of  7 
for  each  given  value  of  either  of  the  co-ordinates.  For  example 
let  «j  =  tan  ^,  =  2,  then  the  nearest  point  of  this  semi-circle 
to  ^>,  may  evidently  be  found  by  drawing  a  straight  line  from  O 
to  the  center  of  the  semi-circle  a  =  2,  and  similarly  for  any 
semicircle  of  either  set.  The  distance  from  O  to  the  intersec- 
tion is  the  required  minimum.  The  corresponding  value  of  the 
other  (M)-ordinate  can  be  read  from  the  diagram. 

For  each  given  value  of  either  co-ordinate  there  is  no  maxi- 
mum value  of  7,  but  there  is  a  greatest  value  at  the  extremity  of 
each  semi-circle  farthest  from  (), 

For  each  given  value  of  either  co-ordinate,  there  is  a  value  of 
7,  giving  a  minimum  lead  (or  lag),  to  be  found  by  drawing 
through  <)  a  line  tangent  to  the  given  semi-circle  ;  but  there  is  no 
maximum  lead  (or  lag) ;  its  greatest  value  however,  is  to  be 
found  by  drawing  a  straight  line  from  0  to  that  extremity  of  the 
given  semi -circle  which  lies  nearest  to  O, 

It  will  be  shown  later,  that  for  any  pair  of  points  situated  at 
tlie  same  height  above  or  below  O  Q  and  at  equal  distances  to 
the  right  and  left  of  *y  T,  the  values  of  their  co-ordinates  are  re- 
spectively the  numerical  reciprocals  of  each  other : — for,  ex- 
ample, (2,  8)  and  (J,  J)  are  so  situaied. 

3.  Next  consider  the  case  of  two  l>ranches  each  of  which  con- 
tains a  condenser  only,  or  each  a  self-inductive  resistance  only, 
in  addition  to  its  ohmic  resistance. 

In  Fig.  5  each  branch  is  supposed  to  contain  a  condenser,  and 
it  is  assumed  that  7?,  =  ^  R,,.  Were  both  branches  to  contain 
self-inductions  instead  of  condensers,  the  semi-circles  would  all 
lie  below  O  Q,  The  construction  is  like  that  of  Fig.  4,  except 
that  both  Oy^  and  0.,  are  on  the  same  side  of  <)  Q, 

The  semi-circles  of  both  sets  are  tangent  to  the  semi-circle 
OT(J  which  forms  the  edge  of  junction  in  this  case.  The  other 
honndaries  of  the  area  within  which  7*  must  fall  are  the  four  cir- 
cles whose  centers  are  L\  (^  6V  6V,  while  S  0  T  Q  \9>  the  por- 
tion of  the  area,  where  the  first  leaf  which  is  bounded  by  three 
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8cmi-circle8  whose  centers  are  C^  C  CW^verlaps  tlie  second  leaf, 
bcKinded  by  the  three  semicircles  whose  centers  are  at  6V  C  Ci. 

Every  semicircle  along  which  ji  =  tan  02  has  anygiven  con- 
stant value,  starts  in  the  first  leaf  from  the  initial  semi-circle 
whose  <liameter  is  O  E^  and  ends  at  the  semi  circle  in  the  second 
leaf  whose  diameter  is  Q  E^  as  «  =  tan  0-^  decreases  from  in- 
finity to  zero ;  while  every  semi-circle  along  which  a  =  tan  d^ 
has  any  given  constant  value  starts  in  the  second  leaf  from  the 
initial  semi-circle  whose  diameter  is  O  E^  and  ends  in  the  first 
leaf  at  the  semi-circle  whose  diameter  is  Q  E.^  as  /?  decreases 
from  infinity  to  zero.  Since  the  semi-circles  belonging  to  any 
pair  of  given  values  of  a  and  /9,  start  in  different  leaves,  their 
point  of  intersection  («,  [i)  lies  oh  one  of  the  semi-circles  further 
from  the  starting  point  than  its  point  of  contact  with  the  edge  of 
junction,  and  on  the  other  semi-circle  nearer  its  starting  point. 
In  Fig.  5,  the  point  7^  =  (2,  A)  lies  in  the  first  leaf,  and  on  a  = 
*J  it  lies  further  from  the  starting  point  /*,  than  the  point  of 
contact  with  the  edge  of  junction,  while  P  lies  on  /?  =  ^  nearer 
Pi  than  its  point  of  contact.  The  point  of  the  second  leaf  which 
<M>incides  with  P  is  ap])roximately  the  point  (j^^,  J).  Any  double 
point  (tfj,  ,9o),  (a^,  ^,)  lies  midway  between  the  points  (aj,  ^i,)  and 
{^hi  {%)->  ^^i<^l  flj^  point  P  in  Fig.  5  lies  midway  between  the  two 
points  whose  numerical  values  are  approximately  (-^\,  i)  in  the 
first  leaf  and  (2,  |)  in  the  second.  The  proof  of  this  statement 
is  the  same  as  that  given  in  Fig.  4. 

There  is  a  maximum  value  of  /  for  each  given  value  of  a  or 
li,  and  it  nuiy  evidently  be  found  by  drawing  a  straight  line 
from  O  through  the  center  of  the  semi-circle  for  that  given  value 
until  it  intersects  the  semi-circle.  Hut  there  is  no  minimum 
value  of  /  =  ()  P  for  each  given  value  of  a  or  ^,  though  there 
is  a  smallest  value  when  /^  is  at  the  initial  point  of  the  semi- 
circle nearest  to  (K 

For  each  given  value  of  a  or  ji  there  is  a  value  of  /  giving  a 
maximum  lead  (or  lag),  which  is  to  be  found  by  drawing  from 
O  a  tangent  to  the  given  semi-circle.  In  Fig.  5,  O  P  is  very 
nearly  tangent  to  (i  =  i.  The  least  value  of  the  lead  (or  lag) 
is  found  by  drawing  a  line  from  (/  to  the  farthest  extremity 
of  the  given  semi-circle,  this  value  is  however  not  a  minimum. 
Any  pair  of  points  whose  respective  co-ordinates  are  numeri- 
cal reciprocals  of  each  other  lie  at  equal  distances  to  the  right 
and  left  of  ^'  7'and  at  the  same  height  above  (or  below)  O  Q^ 
as  will  be  shown  later. 
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The  special  caae  of  li^  =■  Rz  would  cause  ifj,  E^  and  S  to  fall 
at  C\  and  80  make  the  two  leaves  cover  precisely  the  same  area. 
Also  in  this  case  the  semi-circles  a  =  (i  having  equal  numerical 
values  coincide,  and  every  point  is  a  double  point  in  which  the 
numerical  values  of  a  and  fi  exchange  places,  r.  y.  (2,  3)  and  (3,  2 ) 
would  refer  to  the  same  double  point.  The  constructions  in 
Figs.  4  and  5  are  specially  suited  to  dis<'uss  cases  in  which  the 
capacity  or  self-induction  of  a  single  branch  is  made  to  vary, 
for  then,  one  or  other  co-ordinate  onlv   varies. 

4.  Having  thus  shown  the  boundaries  and  contour  lines  of  tlie 
two-leaved  plane  surface  within  which  I\  the  extremity  of  /  = 
O  1\  the  total  current  must  lie  in  case  of  a  split  circuit,  it  will 
be  specially  useful  in  case  of  variable  f re(|uency  to  discuss  certain 
loci  obtained  by  assuming  tixed  relations  between  the  co-onii- 
nates.  These  relations  arise  naturally  from  the  algebraic  form  of 
their  values  as  expressed  in  equations  (1)  and  (^\  viz: — By  mul- 
tiplying (1)  and  (8)  together  w^e  have 

tan  #1  tan  </.,  =  ^^    '    =  0\  say,  (5) 

which  is  independent  of  the  frequency,  /.  e.  the  ])roducts  of  co- 
ordinates for  the  same  value  of  the  frequency  is  independent 
of  the  frequency  and  is  the  same  for  all  f re(piencies. 

It  is  possible  to  construct  the  locus  for  any  given  value  of  G^ 
(i,  e.^  when  ^"^and  Z  are  known)  in  a  convenient  manner,  as  fol- 
lows:    Introduce  two  auxiliary  angles  <pi  and  <p2  ^^^^^^  that 

tan  Oi  =  O  tan  <py,  and  tan  02  =  (i  tan  ^o, 
.-.  by  (5),  tan  (p^  tan  tp^  =  \,  («>) 

.\ip,  +  ip2  =  90°.  (7) 

It  is  evident  that  the  magnitudes  in  these  ecpiations  are  related 
to  each  other  in  the  manner  represented  in  Fig.  ^1,  in  which 
JJ  A  I^^ia  a  right  angle,  and 

for,  O  H  tan  d^  =  A  li  tan  ^i 

and  O  li  tan  W;.  =  A  11  Xx\\\  (f.u 

A  J)  and  A  7^' may  be  drawn  at  right  angles  by  making  them  pass 
through  the  extremities  of  the  diameter  of  any  circle  through  A 
whose  center  is  on  A  li.     In  this  way  it  is  possible  to  construct 
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witli  ease  tlie  lead  di  and  tlie  lag  tt,^  of  any  pair  of  branch  cur- 
rents /i  and  J2  that  belong  together,  i.  e,,  that  are  jiroduced  at 
the  same  fre(jueney.  Should  the  value  of  the  frequency  be  re- 
quired, it  can  be  found  from  equation  (1).  In  Fig  0  we  have 
taken  (r  =  i.  Let  us  proceed  to  construct  the  required  locus  as 
shown  in  Fig.  7,  in  which  lay  off  O  if,  =  Ejli^^  and  0  E^  = 
Ej  III  1  &^i<l  taking  any  convenient  point  /?,   assume  A  in  such  a 
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])Osition  as  to  make  the  ratio  ^1  B/0  B  =  (j  assume  any  par- 
ticular value  desired.  In  Fig.  7,  G  =  2.  Construct  d^  and  ft^  *** 
was  done  in  Fig.  0,  then  0  P^  =  /and  O  P^  r=i  I^  are  the  com- 
ponents of  the  total  current  0  P  =  /. 

I^y  taking  successive  positions  of  lines  at  right  angles  to  each 
other  through  ^1,  the  points  /^  and  P%  will  traverse  the  semi- 
circles whose  centers  are  (.\  and  6^2?  ^^^  t^^©  point  P  will  traverse 
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a  curve  consiBting  of  a  single  spire  reaching  from  E^  to  E^. 
The  spire  shown  in  Fig.  7  is  the  locus  corresponding  to  G  =.  2, 
in  case  3  7i^  =  4  7?,. 

The  fact  that  7?,  >  /?2  causes  the  upper  part  of  the  spire  to  be 
the  smaller,  since  the  diameter  E/Ei  of  the  semi-circle  f\  is  less 
than  the  diameter  E/Jii  of  the  semi-circle  ('2,  and  each  spire  ap- 
proximates to  some  extent  in  its  shape  to  that  of  the  two  seoii- 
circles.  In  fact,  when  O  is  infinite  the  curve  consists  of  these 
two  semi-circles  themselves,  and  for  other  values  of  O  those  ly- 
ing nearer  infinity  have  spires  closer  to  the  semi-circles,  while  for 


Fui. 


(f  =  1  the  spire  reduces  simply  to  the  semi-circle  whose  diam- 
eter is  Ei  Ei,  Spires  for  various  intermediate  values  of  (r  are 
shown  in  Fig.  \)  on  the  left. 

The  truth  of  these  statements  mav  he  shown  as  follows : 
In  case  (J  is  infinite,  either  Kov  L  must  also  he  infinite  by 
equation  (5).  Hut,  A"  infinite  makes  /,  =  0  by  eqs.  (1)  and  (3), 
in  which  case  /  coincides  w- ith  7^,  and  the  semi-circle  on  O  E^  is 
the  locus;  While  L  infinite  makes  7^  =  0  by  eqs.  (3)  and  (4), 
and  the  semi-circle  on  O  b\  then  becomes  the  locus.  In  ease 
G  =  1,  the  locus  is  the  semicircle  on  E^  E^,  for  resolving  /j  and 
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/,  into  their  working  and  wattless  currents,  and  noting  that  in 
this  ease  0^  +  0^  =  00°  by  eq.  (5),  we  have  on  taking  the  origin 
of  rectangular  co-ordinates  at   0^  and  putting  E/Bx  =  ai,  and 

/,  COS  ^,   =  iTj   =  «!  COS^  #1, 

I2  COS  ^2  =  2:2  =  ^2  COS  ^#2  =  ^2  sin  *#„ 

/j  sin  f)^  =  y^  =  «!  sin  ^,  cos  tf,, 

/a  sin  #2  =  ya  =  ^'2  ^^^  ^a  COS  #2  =  ^  si"  ^1  cos  /!/i. 

But  if  X  and  y  be  taken  as  the  co  ordinates  of  P  reckoned  from 

C  am  origin,  we  have,  since  O  C  =  i  (e/,  +  Oj), 


^  +  i  (^1  +  <h)  =  Xi  -\-  x^  =  (ii  cos?  Oi  -\-  02  sin^  ff^      1 


y  =  y,  —  ^2  =  (^1  —  ^c)  sin  /!/i  cos  #, 


) 


(9) 


Fig.  8. 


.-.  a;  =  ^  (^1  —  Oj)  COS  2  Oi 
y  =  i  {ai  —  Oa)  sin  2  tf, 

.-.  a^  +  y"  =  i  («i  -  ^2)'  (10) 

and  the  locus  of  I*  in  this  case  is  therefore  the  semi-circle  on  E^  E^. 
Before  proceeding  to  construct  the  locus  of  P  for  cases  in 
which  ^r  <  J ,  it  will  be  first  proven  that  reciprocal  values  of  G 
give  pairs  of  loci  which  are  equal  right  and  left  spires  suoh  that 
they  are  simple  reflections  of  each  other  in  C  S  of  Figs.  8  and  9. 
For,  in  Fig.  8,  let  /\  and  P,*  be  such  that  /,  and  /j*  have  equal 
wattless  currents,  as  also  I2  ^2  ?  ^^en  the  total  currents  /and  [^ 
must  have  ec|ual  wattless  currents.  Hence  P  and  P*  are  equi- 
listant  from  Ex  E,, 
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Fig.  9. 
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.-.  y^  =  y,*,    .-.  sin  #,  f'08  tfj    =  Sin  d^  COS   #i\ 

.-.   sin   2  #1   :^   sin    (180°— 2#,\), 
..h,  +  6,'  =  90%  and  rfj  +  0^'  =  90°  (11) 

.*.  sin  ^1  =  cos  0i\  and  cos  #,  =  sin  0^  etc. 

By  eq.  O^^j,  x  +  x^  -{-  a^ -^  a^  = 

ill  cos  ^#1  +  a^i  sin  ^tf,  +  </,  cos  ^^0^   +  6«  j  siw  ^i^ 

.-.  a?  +  a^^  =  0  .-.  .r  =  —  a?,  (12) 

from  which  it  appears  that  P^  is  as  far  to  the  right  of  C  as  P  is 
to  the  left  of  it.  Hence  the  loci  of  P^  and  P  correspond  point 
by  point  in  case  eq.  (11)  holds.  But  in  tliat  case  (r  and  fr^  have 
numerically  reciprocal  values,  for  we  then  have 

tan  {0,  +  0,^)  =    tan  0,  +_tan_<^,^     ^ 
^  '  ^    ^  ^       1  —  tan  /9,  tan  0,' 

.'.  tan  01  tan  0^^  =  1,  and  tan  #.  tan  #2^  -=  1 
.-.  tan  0^  tan  ^.j  tan  0^^  tan  //./  =  1  .-.   O'  (i^  =  ±  l,by  eq.  (5) 

Hence  the  loci  of  P  and  P^  construct^^d  as  in  Fig.  8,  so  that 
tlieir  components  have  the  same  wattless  currents  are  equal  right 
and  left  spires,  symmetrically  situated  with  reference  to  C  S^ 
and  the  values  of  (i  and  (i^  are  numericiil  reciprocals.  In  Fig. 
8,  a  =  2,  (i^  —  i  and  /?,  =  %  li^  nearly,  and  this  last  causes 
the  ap[)er  part  of  the  spire  to  be  the  larger. 

The  fact  of  the  symmetrical  disposition  of  the  spires  in  pairs 
essentially  diminishes  the  labor  of  preparing  a  sheet  containing 
spires  for  various  successive  values  of  (i  such  as  is  represented  in 
Fig.  9  ;  for,  when  any  one  spire  has  been  constructed,  its  reciprocal 
s[)ire  may  be  readily  traced  without  further  construction.  Thus 
it  will  be  seen  that  all  spires  for  values  of  ^/between  infinity  and 
unity  He  in  the  first  leaf,  and  all  spires  for  values  of  (i  between 
unity  and  zero  lie  in  the  second  leaf,  while  G  =  1  is  the  edge  of 
junction  :  G  =  x.  is  the  external  boundary  of  the  first  leaf ; 
and  G  =  0  the  external  boundarv  of  the  second  leaf. 

When  spires  have  been  constructed  for  a  comparatively  small 
number  of  properly  chosen  successive  values  of  G,  intermediates 
may  be  readily  interpolated  by  estimation,  and  then  such  a  dia- 
gram as  Fig.  9  furnishes  a  table  of  values  of  /and  its  lag  or  lead 
for  a  given  ratio  of  the  resistances,  with  a  single  spire  in  it  for 
each  value  of  G,  the  different  points  along  the  spire  corresponding 
to  different  values  of  the  frequency.     That  part  of  the  total  area 
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where  the  two  leaver  overlap  fomiehee  apparent  iDtersectioos  of 

the   set  of  doiresin  which  </  >  1  with   the  ?et  in  which  ^i  <  1 

hot  the  sete  are  on  separate  leaTC;^  and  do  not  reall  v   intersect. 

Every  point  oi  S  E^  T  Ei\&  2l  doable  pi^int  with  identically  the 

game  cnrrent  /  but  produced  by  very  different  values  of  Z.  K^ 

and  io.     The  only  po^ible  way  by  which  any  one  of  the^  equal 

valne»  of  1  =.  O  P  conld  l^e  gradoally  chan^^d  to  the  other 
wonld  l>e  by  gradual  variations  of  fre^^nency  etc.,  by   which  P 

fehould  move  to  the  edge  of  junction  iu  one  leaf  and  back  on  the 

other  leaf  if}  the  same  position.     The  relative  pin^itions  of  Ei  and 

El  depend  upon  the  ratio  of  the  resistances  A*,  and  R^ :  in  case 

y?,  ^  Ri  then  E^  is  situated  at  the  left  of  /'  a-s  in   Fig.   7,  and 

ric^.  rerna, 

A  diagram  for  the  ca^e  of  R^  =   —  R-,  wonld  be  that  of  Fig. 

9  reflecrted  in  O  Q^  or  revolved  1^0^  about  O  Q.  The  same  is 
true  of  any  diagrams  for  reciprocal  values  of  the  ratio  of  the  re- 
gistances.  It  is  to  be  noted  that  for  each  value  of  O  >  I  there  is 
a  mimiinum  value  of  /  =  OP  less  than  either  a,  or  a^,  while  for 
each  value  of  O  <  1  there  is  a  maximum  value  of  /  greater  than 
either  «!  or  o^.  Also  for  each  value  of  6^' there  is  in  general  a 
maximum  value  of  lioth  lead  and  lag  other  than  zero. 
Moreover  there  is  in  general  a  value  of  /in  consonance  of  phase 
with  E^  i.  e.^  it  has  neither  lead  nor  lag,  which  diffeis  in  magni- 
tude from  both  a,  and  a^^  and  consequently  occurs  at  a  frequency 
lying  between  infinity  and  zero.  This  value  of  /  is  less  than 
either  aj  or  a,  if  <?  >  I,  but  is  greater  than  either  a^  or  a^  if 
(r  <  1.  These  statements  appear  from  inspection  of  Fig.  I*. 
As  is  evident  from  what  has  preceded,  the  loci  which  are  thus 
obtained  are  specially  useful  in  tracing  the  manner  in  which  the 
total  current  through  two  parallel  branches  varies  as  the  fre- 
quency varies  from  infinity  to  zero  in  case  the  resistances  are 
given  and  one  branch  has  in  it  a  condenser  of  known  capacity 
while  the  other  contains  a  known  self-inductance  resistance  ;  and 
the  effect  on  the  tptal  current  of  variations  in  the  capacity  of  the 
condenser  or  in  the  self-inductance  resistance  may  also  be  traced 
by  their  help  though  not  so  readily  as  variations  of  frequency. 
One  convenience  possessed  by  these  loci  is  that  as  we  pass  from, 
one  value  of  G  to  another  we  take  steps  that  begin  with  the 
boundaries  of  one  leaf  and  end  with  the  boundaries  of  the  other, 
while  the  common  boundary  between  them  is   an   intermediate 
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lucua.  For,  iii  case  {r  =  xi  the  locus  coneiiitB  of  the  two  exterior 
bounding  eemi-circles  of  the  first  leaf,  hi  case  0  =  0  the  locns 
iij  th«  locus  that  bounds  the  second  leaf  in  the  same  manner,  and 
<i  =  \  '\6  the  edge  of  junction,  while  intermediate  values 
give  intermediate  loci.  The  case  of  H,  =  /it  iB  worthy  of  no- 
tice, for  in  that  ease  the  spires  become  circles  as  shown  iu  Fig. 
10,  which  truth  may  be  demonstrated  as  follows:  Take  £  in 
Fig.  10  as  origin  of  the  rectangular  co-ordinates  ./■  and  y,  but  us- 
ing the  other  symbols  r,  etc.,  with  meanings  already  defined,  we 
have,  since  in  this  case  0  E  =  a  =  a,  =  a^ 

J-  +  a  =  (a:,  +  a-,)  =  a  (cos  '(?,  +  cos  ''fl,) 

1/  =1  ifj  ^  ^j  ^  a  (sin  8j  cos  C,  —  sin  fl,  cos  flj) 

.:  X  =  i  a  (cos  2  fl,  -|-  cob  2  d^) 

^  =  i  a  (ain  2  fl,  —  sin  2  W,) 

.-.  .c*  +  y'  =  4  «'  [  I  +  COB  2  (fl,  +  H,))  =  a"-  cos'  {0,  +  rfjl 


. ,      y       siu  2  #,  —  Rin  ti  ff.,       .      .^        a\ 

'^"'■'  i  =  csn  tromii  = '""  '*'  -  "-> 

«'-J_   _  a»'  («i  —  »,)  _P  +  tan  "i  ten  W  _  /l  +  "'\' 
■  ■  {!?'+  :i),      mf  («.  +  «,)      \1  —  Hn  »,  tan  »,/       \l—  l,V 

which  ifl  a  double  cat  of  circles  having  a  common  tangent  at   E 
an<l  lying  inside  the  circles  for  whidi  ^i  is  zero  and  infinity. 
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Though  the  equations  of  the  loci  are  in  this  special  caee  ex- 
pressible in  algebraic  form  in  rectangular  co-ordinates,  such  ig 
not  generally  the  case. 

5.  Consider  next  the  set  of  loci  for  the  case  in  which  the  two 
branches  both  contain  condensers  only,  or  self-inductions  onl}\  in 
addition  to  ohmic  resistances,  and  let  the  product  of  the  tangents 
of  lead  (or  lag)  be  assumed  constant. 

For  example  in  Fig.  11,  let 

tan  t),  tan  d,  =  ,f^\,^\  =  (P  (14) 

i,  e,  #1  and  0-^  both  lie  on  the  same  side  of  0  Q,  If  in  this  ease 
also  we  take  tan  ^j  =  G  tan  f^  and  tan  6.^  =^  G  tan  f^^  then  eqs. 
(6)  and  (7)  likewise  hold  true.  The  construction  is  readily  fol- 
lowed in  Fig.  1 1  where  the  point  P  on  the  locus  (?  =  ^  is  con- 
structed by  making  /^^  and  ^^  any  two  complimentary  angles,  by 
the  simple  device  of  drawing  from  A  lines  to  the  extremities  of 
any  chord  parallel  to  A  if,  and  making  G  =  A  B  /  O  B  as  in 
Fig.  7.  AVe  have  made  tan  ^j  =  3  .'.  tan  f^  =  h  ^^  that  tan  ^i 
f  and  tan  t)^  =  i- 

By  suitable  variations  of  these  angles  under  the  condition  ex- 
pressed by  (14),  the  locus  may  be  traced  for  this  and  other  val- 
ues of  G.  But  along  each  locus  K^  and  K^  must  be  regarded  as 
variable  as  well  as  the  frequency,  though  the  frequency  is  con- 
stant in  case  the  product  K^^  K^  is  also  constant. 

Each  locus  of  the  set  terminates  at  K^  and  R^^  having  vertical 
tangents  at  those  points,  and  it  has  also  one  tangent  line  in  com- 
mon with  the  semi-circle  whose  diameter  is  O  (>,  ?.  e.  that  semi- 
circle is  the  envelope  of  the  set.  The  point  of  eontuct  of  each 
locus  with  this  envelope  is  such  that  for  that  point, 

tan  ^,  =  tan  fl^  =  tan  ^  =  G  (15) 

and 

/  =  [a,  -f  a.)  cos  d  =     ''L+_'iH_  (10) 

i^l+G' 

and  at  this  point  the  locus  passes  from  one  leaf  to  the  other. 

Those  loci  for  which  G  >  1  have  one  or  more  maximum 
values  of  /.  Others  mav  have  a  maxinmm  value  of  /near  that 
given  by  eq.  ( i^)) ;  but  for  small  vahies  of  (r  there  is  no  maximum 
value  of  /.  P^or  small  values  of  G  there  may  be  one  or  more 
maximum  values  of  0,  Others  mav  have  0  a  maximum  not  far 
from  that  given  in  eq.  (16),  but  for  large  values  of  G  there  is 
none. 


1898.) 


Od  ALTERNATING  CURRENTS. 


470 


Fig.  11. 
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For  (J  =  cc  the  locus  U  formed  of  the  two  semi-cirele8  Ci  and 
Ci ;  for  (J  =  U  it  18  (7,*  and  C2.  For  6'  =  J  the  locus  is  tlie 
Hemi-ellipse  Ex  T E^\  for,  in  tliin  case  /?,  -j*  ^2  =  ^^°- 

.-.  fiin  2  ^1  =  sin  2  ^2»    ^^^  c^R  2  #j  =  —  cos  2  ^2 
.•.  flj  =  ^  (a,  —  ^j)  cos  2  8^,  y  z=  ^  (a,  +  <3r,)sin  2  #2 


r.« 


J  + 


y*      _ 


=  i 


(17) 


For  intermediate  values  of  G  the  loci  assume  intermediate 
forms  which  gradually  change  from  the  semi-ellipse  to  the  two 
Bemi-ein*le«  mentioned  above. 

lieciprwal  values  of  (r  are  disposed  symmetrically  about  iS*  7. 


Fiu.  vi. 

For  the  case  of  self-induction  in  both  branches  the  kwi  lie  Inf- 
low 0  (^^  so  as  to  place  tlie  l(K»i  upside  down  with  regard  to  that 
8hown  in  Fig.  11. 

In  the  sjHH?ial  case  of  7?^  =  J?^  Fig.  12 

J'  z=  ^  a  (ea«4  2  ^j  -f  cos  2  fi^) 

t/  =  ^  <i  \^sin  2  /^i  +  5^^^^  -  ^i^ 
.*.  .r •  -|-  v*  =  ir  cos  '\Hy  —  /O 

V        sin  2  ^'1  +  sin  2  ti.       ^        ,*         ,» 

\.  =  J — 1 •  =  tan  {ff   —  ff.\. 

J'       iH>s  2  (^1  -i-  iH>s  2  ^j  ... 


J" 


=  co>  ^\fi   ^  " 


fr 


1898.]  OF  ALTERNATING  CURRENTS.  481 

"  (aj*  +  y^)»       cos*  \d,  —  02)       Vl  +  tan  0^  tan  V 

.-.^'  +  2/'-  ±(^±^)«^  (18) 

Thiri  equation  represents  a  set  of  circles  having  a  common  vertical 
tangent  at  £^^  which  tangent  is  itself  that  one  of  the  set  for  which 
(t  r=  1  whose  radius  is  infinity.  All  these  circles  lie  outside  the 
pair  whose  diameters  are  O  E  and  Q  E^  and  only  so  much  of 
each  circle  forms  the  locus  in  question  as  lies  within  the  semi- 
circle of  diameter  0  Q,  The  points  where  each  locus  meets  the 
edge  of  junction  is  the  fixed  point  of  contact  mentioned  in  Fig. 
11,  where  each  locus  passes  from  one  leaf  to  the  other.  That 
part  of  each  locus  which  lies  in  the  first  leaf  falls  upon  and  coin- 
cides with  the  remaining  part  in  the  other  leaf. 

().  Still  assuming  that  both  branches  contain  condensers  only, 
or  self-inductions  only  besides,  ohmic  resistances,  construct  loci 
in  case  the  quotient  of  the  tangents  of  lead  or  lag  be  taken  as 
constant.  These  loci  may  also  be  readily  constructed  as  shown  in 
Fig.  13,  which  is  drawn  for  the  case  of  a  condenser  in  each 
branch.     Then 

tan  01  =  -^  and  tan  0.,  =  -^ 


Jii  10  Ji.^ 


(U 


in  which  0^  and  02  both  lie  on  the  same  side  of  O  C. 

In  Fig.  13  to  construct,  for  example,  the  locus  for  which 
E  =  -^  ;  at  any  point  B  lay  off  B  E /  B  D  ■=.  ^i  and  complete 
the  parallelogram  on  0  P^  and  O  P^-  Then  P  is  a  point  of  the 
locus.  By  moving  this  vertical  B  D  Eto  different  distances  to 
the  right  of  0,  other  points  of  7^  =  4  may  be  constructed. 
Verticals  divided  in  other  ratios  give  loci  for  other  values  of  E. 
Several  of  these  have  been  constructed  by  points  in  Fig.  13  On 
cross-section  paper  or  profile  paper  successive  points  of  these  loci 
Hjay  be  constnicted  with  facility  and  rapidity.  Each  of  these 
loci  extends  from  0,  where  the  fre<|uency  is  infinite,  to  Q^  where 
it  is  zero,  and  /  =  OP  may  consequently  assume  any  value  be- 
tween zero  and  (f^  +  a^  for  each  value  of  E,  while  /  has  in  gen- 
eral no  other  maximum  or  minimum  values.  It  is  evident  that 
the  locus  7^  =  1  is  the  semi-circle  ^>  T  Q,  which  is  the  edge  of 
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junction  along  which  the  two  leaves  join.  The  system  of  loci 
lying  in  the  firet  leaf  are  those  whose  values  of  Jl^  lie  between 
infinity  and  unity,  and  they  constitute  a  series  of  curves  which 
gradually  change  in  shape  from  the  two  semi-circles  0  E^  and 
El  Q  in  case  E  =  -tj  ^  to  the  single  semi-circle  O  T  Q  in  case 
J^'=  1. 

To  each  of  these  curves  in  the  first  leaf  there  corresponds  an 
equal  locus  in  the  second  leaf,  such  that  the  value  of  E  is  the 
numerical  reciprocal  of  that  in  the  first  leaf  7^,  or,  if  we  dis- 
tinguish magnitudes  in  the  second  leaf  by  primes  and  let  the 
components  /i^  and  Iz^  have  such  directions  that 

tan  di  tan  /S^/  ^  1,  and  tan  d.^  tan  ^2^  =  1, 

tlien  *»»  J.i*iL^;  =  F,  F:  =  1  ; 
tan  ^2  ta^  "2 

but  sin  ^,  =  cos  di\  etc., 

and  cos  #,  =  sin  0^\  etc,  (20) 

Hence,  as  shown  in  eq.  (12)  /**  is  as  far  to  the  right  of  C  as  J?  is 
to  the  left  of  it. 

But,         y  =  y,  -j-  ya  =  ^1  S'in  ^,  cos  d^  +  a^  sin  ^2  co5  #2 

and      y'  =  y/  -f"  W  ==  ^i  ^^^  ^1^  ^^*^  ^\   +  ^2  si'^  ^'i  cos  6,^ 

.*.  by  e<i.  (20),  y  =  y\  or  i'  and  /**  are  at  the  same  distance  from 

0  Q.  Hence,  in  case  F  F^  =  1  the  loci  of  F  and  P^  are  pairs 
of  equal  curves  symmetrically  situated  about  C  T. 

Each  locus  of  the  set  /'  >  1  apparently  intersects  each  of  the 
set  7^  <  1,  at  some  point  in  the  area  0  S  Q  T^  but  such  is  not 
really  the  case,  since  all  of  the  first  set  lie  in  the  first  leaf,  while 
all  of  the  other  set  lie  in  the  second  leaf  which  overlaps  the  first 
in  the  area  just  mentioned;  so  that  of  two  coincident  values  of 

1  =z  O  P  which  lead  to  overlapping  points,  or  apparently  coin- 
cident points,  the  one  can  be  gradually  and  continuously  changed 
into  the  other  only  by  moving  /*  so  as  to  cause  F  to  assume  all 
intermediate  values,  including  F  =^  \. 

For  very  large  or  very  small  values  of  F  the  locus  approxi- 
mates to  the  semi-circles  with  centers  6^  C^  or  to  C\  C^,  It  will  be 
noticed  in  these  cases  that  since  the  curve  dips  toward  ^or^\ 
there  mav  be  one  value  of  /  for  which  the  lead  is  a  minimum, 
and  another  for  which  it  is  a  maximum,  and  these  are  to  be  lo- 
cated by  drawing  tangents  to  the  curve  through  0\  but  values 
of  7^  that  are  neitlier  large  nor  small  afford  no  maximum  or  min- 
imum lead  except  0**  and  DO**. 
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In  case  both  braoches  contain  self-inductive  resistances  instead 
of  condensers  the  diagram  lies  below  0  Q  instead  of  above  it. 

There  is  always  one  value  of  /for  each  value  of  FXh^X  aflFords 
a  maximum  wattless  current,  and  for  very  large  and  very  small 
values  of  7^  there  may  be  two  such  maxima  and  one  minimum 
between  them.  These  can  be  located  by  drawing  horizontal  tan- 
gents to  the  locus,  or  they  may  be  determined  analytically  by  the 
conditions  for  a  maximum  or  minimum  of  y. 

Every  value  of  /has  a  lead,  and  hence  no  case  of  consonance 
of  phase  between  ^and  /occurs  for  any  finite  frequency,  but 
that  state  is  more  nearly  possible  the  more  nearly  F  approaches 
to  zero  or  infinity.  Each  locus  beconien  more  and  more  nearly 
symmetrical  about  6'  T  the  more  /j?,  and  li^  approach  equality, 
and  the  special  case  of  Ri  =  i?2  causes  each  pair  of  loci  for  re- 
ciprocal values  of /'to  coincide,  i.  ^.,  each  locus  is  symmetrical 
about  6'  /.  The  equation  of  the  locus  in  rectangular  co-ordinates 
may  then  be  obtained  in  algebraic  form.  Take  the  origin  at  (7, 
then  using  expressions  found  previously  we  have  :  a,  =  Oj  =  </, 
and  X  =  \  a  (cos  2  flj  +  ^^^  2  #2)1  V  =  ^  (*^i^  2  #,  +  sin   2  0^ 

.-.  ^«  +  y*  =  a^  cos' (#1  —  tf,). 
„2  _  aj8  _  y2  =  d^  8in»  (^,  —  ^2) 


Also, 


ui       cos  2  #1  +  cos  2  ^a 

.     1    _    /    _ 


_.,   =  8iu»  (#,  +  «,) 


y* 

oV =-  8ii"'Jl  +_"«)  =  /tan_/y,  +  tail  tfA' 

"  {^  -\-  f)  (a'"—  3?  —  y')       sin«  («,  —  e^)       Vtan  «,  —  tan  dj 

...  (^  +  f)  („^  __  ,^  _  ,f)  =  (^^J  a'  ;f  (21) 

a  curve  of  the  fourth  degree  which  is  symmetrical  about  both 
./'  and  //,  of  which  the  upper  half  is  to  be  used  in  case  of  con- 
densers, and  the  lower  half  for  self -inductance  resistances. 
Equation  (21)  includes  both  cases. 

The  general  case  in  Fig.  13  is  8j)ecially  suited  to  treat  variable 
frequency,  for  /'remains  unchanged  by  variation  of  frequency. 
It  will  be  unnecessary  to  more  than  mention  in  passing  the  case 
in  which  one  of  the  resistances  is  very  small,  and  the  locus  is 
then  confined  to  a  narrow  band  along  the  semi-circle  O  T  Q. 
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7.  Resuming  the  case  of  a  condenser  in  the  first  branch  and 
self-induction  in  the  second,  construct  the  loci  which  make  the 
ratio  of  the  curvilinear  co-ordinates  constant,  L  e.. 

In  Fig.  14  take  J^'  =  4.  for  example,  then  B  F  /  B  £>  =  4: 
and  the  construction  proceeds  as  in  Fig.  18  except  in  this  that 
B  F  and  B  D  being  opposite  in  sign  lie  on  opposite  sides  of 
(>  Q,  The  loci  for  various  values  of  F  appear  on  Fig.  14, 
As  before  stated,  the  process  of  constructing  by  points 
is  much  facilitated  by  using  paper  ruled  in  squares.  Each 
of  these  loci  extends  from  O^  where  the  frequency  is  infin- 
ite, to  Q  where  it  is  zero,  and  the  current  I  zrz  ()  P  may  conse- 
<|uently  have  any  value  between  zero  and  «i  +  *^  ^^^^^ch  value  of 
F^  while  /  has  in  general  no  other  maximum  or  minimum  values. 
But  each  locus  is  tangent  at  one  point  to  the  edge  of  junction  Fy^ 
T  F^  and  passes  at  that  point  from  one  leaf  to  the  other,  so  that 
tlie  envelope  of  the  loci,  as  i'' varies  from  infinity  to  zero,  is  the 
semi  circle  of  radius  ±  ^  (t/j  —  a^  and  center  C\ 

It  may  be  proven  by  steps  like  those  previously  given  that 
in  case  F  F^  =  1  (so  that  7^^ and  F^  are  numerically  reciprocal), 
these  loci  are  equal  right  and  left  curves  symmetrically  disposed 
about  S  T.  Thus  the  loci  are  separated  into  two  sets  according 
as  7^^  is  greater  or  less  than  unity. 

The  locus  for  F  =  1  is  its  own  reciprocal  and  consequently  its 
right  and  left  half  are  alike.  It  is  in  fact  a  semi-ellipse  0  T  Q 
as  may  readily  be  proved.  For,  in  this  case  6^  =  ffn^  and  taking 
the  origin  at  6' we  have  by  using  the  same  notation  as  previously 

^  +  i  (^*l   +  ^i)   =  '^'l   +  ^2   =   (^1   +  ^^2)  ^OS*  ^1 

!/  =  Vi  —  y-i  =  («i  —  <^i)  ^»n  ^1  cos  #1 
.-.  ./•  =  :J  ((i^  4-  a.^  cos  2  ^,  ,    y  +  i  («!  —  ^2)  ^^^  2  ^, 

"'    ;.+  .^  -v^2  =i  (^3) 


(''1  +  (^if       («i  —  ^'2)' 

This  ellipse  is  tangent  at  7^  to  the  semi  circle  of  center  6' and 
radius  ±  ^  («!  —  03),  while  all  those  loci  for  which  7^  >  1  are 
tangent  to  it  between  Ei  and  7",  and  all  those  for  which  7^"  <  1 
between  F^  and  T,  The  apparent  intersections  of  the  loci  of  the 
two  sets  within  the  area  X  E^  T  F2  are  double  points  situated  in 
(liflferent  leaves. 
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For  each  value  of  i^  >  1  there  is  in  general  a  vahie  of  /  be- 
tween \  (ui  —  a^)  and  («!  -|-  ^h)  ^^  which  the  lead  h  a  maximum 
and  for  each  value  of  i'^  <  1,  a  maximum  lag  between  the  same 
limits,  which  are  to  be  located  by  drawing  tangents  to  the  loci 
through  0. 

There  are  also  maximum  wattless  currents  to  be  located  by 
drawing  horizontal  tangents  to  the  loci.  There  is  also  for  each 
locus  a  current  / in  consonance  with  ^determined  by  the  point 
where  it  crosses  0  Q,  viz:  /  <  w^  in  case  J^'  >  1,  and  /  >  Ui  in 
case  /^  <  1. 

In  the  special  case  of  /t,  =  i?2  the  circular  envelope  reduces 
to  the  point  C  through  which  each  locus  passes.  In  this  case  the 
loci  all  fall  within  two  circles  whose  diameters  are  C  0  and  O  Q, 
and  the  locus  for  any  given  value  of -/^'consists  of  two  parts 
which  are  exactly  alike  (one  in  each  circle,  and  situated  opposite 
to  each  other.  Thus  the  pair  of  loci  for  any  given  value  of  jF 
and  it^  numerical  reciprocal  form  a  figure  » ,  whose  equation  is 
found  as  follows: — Since  in  this  case  </i  =.  cu^  =  tf  as  before. 

X  =  ?  (cos  2  //,  +  cos  2  0  ) 

y  =f  (sin  2  #,  —  8iii  2  (f.^) 

.:  a*  +  y»  =  a«  cos'^  (<?,  +  d,) 

...  a'  _  r*  _  y;  =  a»  sin'  (^,  +  ff,) 
also 

X        cos  2  ^1  -{-  cos  2  02 

x'  4-  f 

■ 

•    ("'  -  ■'-'  -  'f)  ^•'^  +  y')  =  sin-  (tf,  +  tf.)  _  /tan  tf,  +  tan  tf.V 

<i'  if  m\^  {Hi  —  (ft)      Vtan  ^,  —  tan  </,/ 

.-.  (>f  -u.»-  f)  (;.'  +  .v')  =  (^-±])'  «•'  .'/  (24) 

wliich  is  evidently  symmetrical  about  both  the  axes  of  x  and  y, 
and  is  the  same  for  reciprocal  values  of  F,  It  is  not  thought 
ne(*etsarv  to  show  a  figure  for  this  case.  It  will  be  noticed  that 
e(juations  ['1\)  and  (24)  are  essentially  the  same,  provided  /"may 
have  any  values  from  positive  to  negative  infinity.      Were  d^  and 
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#2  to  be  always  reckoned  positive  for  lead  and  negative  for  lag  or 
i^ice  vetsa^  then  i^' would  bave  this  range  of  values.  It  has  been 
restricted  thus  far  in  this  paper  to  positive  values  by  our  conven- 
tions of  lead  and  lag.  These  equations  reduce  to  a  circle  of  radius 
a  in  case  F  =^  1,  and  to  two  circles  tangent  to  O  S  at  C  in  case  7^ 
is  zero  or  intinitv. 

8,  Consider  next  the  more  general  case  in  which  each  branch 
contains  an  ohniic  resistance,  a  self-inductive  resistance  and  a 


Fill.  15. 


condenser,  but  no  mutual  induction.     Then  using  notation  like 
that  l>ofore  employed  we  have  the  known  equations.: 


tan  (/,=        »—-»,        A  =  -   -  cos  ti, 

Jt\  iO  III  I\\ 

ta„  6,  =  /^   -  ^,1".        r  =  ^.  CO*  IK 


(25) 
(26) 


in  which  ^i  and  ^^  aie  angles  of  lead  or  l:ig  according  as  they  are 
positive  or  negative ;  and  they  may  evidently  either  of  them  be 
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made  to  assume  any  value  between  -\-  90®  and  —  90®  (while  R^ 
and  7?2  remain  constant),  either  by  suitably  varying  the  frequency 
or  the  other  constants  of  the  branches. 

Since  /,  and  I^  vary  in  this  case  as  the  cosines  of  Ox  and  ^2^  as 
also  in  equations  (2)  and  (4),  it  is  evident  that  the  loci  for  con- 
stant values  of  tan  Ox  or  tan  6^  are  circular  arcs  as  iuFigs.  4  and 
5  ;  but  from  the  fact  that  the  ranges  of  t)x  and  0^  no  longer  lie 
between  0  and  90®  but  between  -f  1*0®  and  —  90®  instead,  it  ap- 


Fig.  16. 


pears  that  the  loci  are  no  longer  semi-circles  tnerely  as  in  Figs.  4 
and  5,  but  each  includes  in  this  case  an  entire  circumference,  one- 
half  of  which  lies  in  each  leaf. 

In  Figs.  15  and  16  these  leaves  have  been  for  convenience  and 
clearness  drawn  separately,  and  it  is  evident  that  every  point  P 
(the  extremity  of  the  vector  1=0  P)  lies  within  the  area  in- 
cluded between  the  two  circumferences  whose  diameters  are 
E^  K  and  (J  Q.    On  this  two-leaved  surface  each  circle  of  one 


490  EDD7  ON  GRAPHICAL  TREATMENT  [June  80, 

set  liae  one  intersection  with  each  circle  of  the  other  set  od  each 
leaf,  and  the  two  leaves  are  united  along  the  exterior  and  interior 
circumferences  forming  a  flat  ring  with  two  faces. 

The  positions  of  the  various  loci  may  be  most  conveniently 
designated  by  the  angular  positions  of  their  centers  with  refer- 
ence to  the  line  O  Q.  For  example,  in  Fig.  15,  let  Q  C  C^  '=i 
Q  d  Px  =  ^i  ^ben  we  liave  from  the  figure 

tan  i),  =       sin(180o-vM     ^      sin  j;.,    _,  ^an  i  ^,       (27) 

1  _  cos  (1 80^  —  ^i)        1  +  cos  vS  -  ^'        ^     ^ 

.-.  2  »,  ^  ^/, 

Similarly  in  Fig.  IB,  2  ^2  =  vV 

These  equations  enable  us  to  compute  with  ease  the  nunierical 
values  of  the  co-ordinates  on  the  circumference  of  a  circle  in  any 
given  position  il\  or  y^^. 

The  peculiarities  and  properties  of  these  loci  for  constant  val- 
ues of  tan  ^1  and  tan  ^2  have  most  of  them  been  detailed  at  such 
length  in  connection  witli  Figs.  4  and  5  as  to  render  repetition 
unnecessary.  Attention  should,  however,  be  called  to  the  fact 
that  in  case  (l\  =  ^'21  ^l^^n  tan  ^^  =  ^'^  ^^i^  which  shows  itself 
upon  the  figures  in  this  way  :  Construct  the  two  circular  loci  one 
of  each  set  whose  diameters  coincide,  /.  ^.,  ^\  =  ^''2.  They  are 
tangent  to  the  outer  edge  at  the  same  point  and  both  have  the 
same  numerical  value. 

Again,  at  every  point  P  of  tbe  ring  surface  except  at  either  of 
the  edges  of  junction  there  are  two  distinct  ways  of  producing 
the  current  I  =.  (J  P,  and  one  of  tbese  cannot  be  gradually 
changed  into  tbe  other  except  by  varying  the  freijuency  or  other 
constants  of  the  branches  so  as  to  make  P  travel  to  the  inner  or 
outer  edge  and  back  again. 

The  loci  for  successive  values  of  il\  and  y%  differing  by  -to®  are 
represented  upon  Figs.  15  and  Hi. 

9.  In  continuing  tbe  consideration  of  the  general  case,  ex- 
pressed by  eqs.,  (25)  and  (2<)),  let  iP  designate  tbe  product  of  tbe 
co-ordinates,  as  was  done  previously,  /.  e,  tan  ^^,  tan  6^  =  CP, 
Then  the  loci  for  various  constant  values  of  G  will  be  those  al- 
ready discussed,  but  by  reason  of  the  doubling  of  range  of  d^  ^^^ 
O2  the  loci  will  combine  together  the  various  separate  results 
previously  discussed, as  shown  in  Figs.  17  and  IS,  where  the  two 
leaves  are  shown  separately.  In  these  figures,  angles  of  lead  are 
taken  as  positive,  and  lag  as  negative,  giving  as  a  result  negative 
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products  whenever  a  lead  and  a  lag  are  combined.  For  al| 
negative  values  of  6^^  V.  e.  —  x?  <  6'^  <  <»,  the  loci  lie  in  a  single 
leaf  and  join  the  points  E^  and  K,  of  the  same  leaf,  as  in  Fig.  9. 
But  for  all  positive  values  of  (j\  i.  e,  0  <  (P  <  x  the  loci  join 
Jt\  of  one  leaf  to  A,  of  the  other  leaf  as  in  Fig.  11. 

The  manner  in  which  these  loci  succeed  one  another  is  clear 
from  Figs.  17  and  16,  from  which  it  appears  that  the  values  of 
(r'^  along  the  circumference  O  T  Q  are  all  positive,  being  infinity 
at  0^  unity  at  T^  and  zero  at  Q^  while  (P  •=  —  1  along  the  entire 
circumference  K^  E^, 

Since  lead  and  lag  enter  the  construction  in  precisely  the  same 
manner,  the  locus  in  one  leaf  for  a  given  value  of  U  is  the  re- 


,.r-     ^  /^* 


Fiu    17. 


Pig    18. 


Heetion  in  0  Q  of  the  locus  for  the  same  value  of  G  in  the  other 
leaf.  Thus  Fig.  1 7  is  a  reflection  in  OQ  of  Fig.  18.  It  has 
also  been  shown  before,  that  the  loci  for  reciprocal  values  of  (r 
are  reflections  of  one  another  in  T  1\  These  last  reflections  are 
in  different  leaves.  By  the  time  a  locus  has  suffered  reflections 
successively  in  0  Q  and  T  T  it  has  been  restored  to  the  leaf 
from  which  it  started  and  has  been  revolved  180^  about  the 
center  of  the  leaves.  Hence,  if  from  any  point  P  we  draw 
a  line  I'  (J  and  prolong  it  to  P'  so  that  C  P  =  C  P\  then 
for  these  two  point?  we  have   (r   O^  =    1. 

10.  In  like  manner  consider  the  loci  in  which  the  quotient 
tan  ti^  tan  0^  =  ^  assumes  various  constant  values  in  the 
general  case  of  eqs.  (25)  and  (20). 


492 


EDDT  ON  GRAPHICAL  TREATMENT 


[June  80. 


Theue  will  consist  of  combinations  of  the  special  cases  of 
Figs.  13  and  14  as  sliown  in  separate  leaves  in  Figs.  19  and 
20  where  the  blank  spaces  may  be  thought  of  as  filled  in  with 
loci  for  successive  values  of  i^  f rom  Figs.  13  and  14,  due  re- 
gard being  had  to  their  signs.  /^  =  H-  1  for  the  entire  cir- 
cumference 0  Q,  but  .F  is  negative  along  ^  ^S'  -^i ;  —  ac  at 
^,  —  1  at  6;  and  0  at  Ji\. 

The  same  statements  respecting  reflections  etc.  are  true  of  the 
F  -  loci  as  of  the  O  —  loci,  hence  if  C  I*  =  O  P'  and  P  C  P' 
is  a  straight  line,  then  F  F^  =  1. 

11.  In  further  continuation  of  the  general  case  in  eqs.  (25) 
and  (20),   it  is  now  proposed  to  develop    the  general  graphical 


Fkj.  19. 


process  for  constructing  the  locus  of  the  extremity  P  of  the 
vector  /  =:  O  P  representing  the  total  current  in  case  the 
frequency  alone  is  variable. 

In  eq.  (25)  let  the  subscript  1  designate  magnitudes  in  the  first 
branch  :  viz,  let 


tan  0/  = 


^«     A^i 


Jil  CD 


,  and  tan  ^/'  = 


/ '  ___  y^] 


10 


li. 


and  let, 


.'.  tan  Q,  =  tan  tf,'  —  tan  0'' 


tan  0:  tan  »/'  =  %f}  =  G^ 
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Also  let, 

tan  ^/  =  Gi  tan  ^Z,  and  tan  #/'  =  Ox  tan  ^/' 

.'.  tan  (px  tan  ^i"  =  1,  .-.  ^/  +  ?/   =  ^^°' 

In  like  manner  let  magnitudes  in  the  second  branch  be  desig- 
nated by  the  subscript  2 

Now  in  Fig.  21  take  any  convenient  distances  B  ^and  B  Ox 
and  let  B  Ox  F  =  ^/, 
then, 

■•°  «■■ = ^:^ = fi'       (^''> 

Whatever  may  he  the  values  of  the  constants  A',  and   /it  in 
this  ln-anch,  and  whatever  distances  B  /^and  B  0,  may  have 
been  assumed,  a  value  of  (o  which  corresponds  to  them,  can  be 
found  from  eq.  (28;  if  need  be. 
?i»ext,  lay  off 

B~Ai  =  Oi  B  r\ 

...  tan  0/  =  |--^=  Ot  ^=  0,  tan  ,».' 

.-.  b  A,F=  tpt' 
Make  F  A^  D,  =  90°.  then  B  A,D,  =  ^," 


.-.  B  OtDt  =  #,",  and  tan  0,  = 


_B  D, 


.:  tan  «,  =  tan  <*,'  —  tan  «,  "  = 


B  i\ 
B  F—  B  D, 


B  0, 
J^ay  oif 

B  //,  =  B  F—  B  A.     •••  tan  ''i  =   J  ^S and 6,  =  B  O^  H^. 

13     ^x 

Again,  lay  oflf  B  O.^  such  that 

and  in  this  proportion  substitute  the  value  of  B  Ox  from   eq. 

...  tan  ^/  =^  =   1^^  (09) 

( V)iiiplete  the  construction  for  this  branch  as  in  the  first  branch 
and  we  find 

6'i'r=z  B  0,  F,    ff,  "  =  B  O^  IK,    h^z=:  B  Oi  IL, 
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lo  Fig.  21,  the  coDstants  were  so  assumed  that  ^j  =  ^  and  G^ 
=  2. 

We  have  thus  found  0^  and  0^^  the  angles  of  lead  (or  lag)  of  the 
components  I^  and  I^  for  some  unknown  value  of  cui  which  could 
be  readily  computed  from  eq.  (28)  or*  ^C|),  if  desired  for  any 
purpose.    Having  thus  found  the  relative  positions  of  0,,  O2.  -4,, 


30,«/a      S^^r/.r 


Fio.  21. 


-4a,  the  point  T'  may  be  moved  to  successive  positions  on  the 
vertical  through  B.  Each  successive  position  of  /''will  give  val- 
ues of  6 1  and  0.^  wiiicli  correspond  to  some  one  frequency,  and 
thus  (rompletely  determine  the  components  /^  and  /^  of  the  total 
current  /,  for  that  undetermined  frequency. 
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The  construction  just  given  is  one  of  two  alternative  con- 
structions, for  it  would  have  been  equally  possible  to  assume  at 
the  start  any  two  distances  B  0^  and  B  D  on  the  vertical  below 
B  and  then  let 


and 


tan#,"   = 


iO 


R, 


B  D 

B  O, 


Fig.  22 


B  Oi  :   B  O,::  ^'   :  ^' 
.  tan  Oo"  =   ^">  -  ^  ^   . 


Bt         BO,   ' 

Then  completing  the  constrnctioa  in  a  manner  similar  to  that 
just  given  find  two  points /',  and   J^  from   which    //j   and    //j 
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could  be  found.  Successive  positions  of  D  would  in  this  case 
thus  serve  to  determine  corresponding  values  pf  0^  and  0^  pre- 
cisely as  they  were  determined  in  the  previous  constructioD  by 
successive  positions  of  F.  It  may  often  be  more  expeditious  to 
compute  numerical  values  of  tan  tf,  and  tan  0^  directly  from  eqs. 
(25)  and  (26)  by  assuming  various  successive  values  of 
w^  and  then,  if  the  locus  of  P  be  constructed  on  cross-section 
paper,  d^  and  0^  ^^  ^  ^^^^  off  with  facility,  since  tan  0,  and  tan 
02  are  ratios  such  as  can  be  read  off  at  once  on  squared  paper. 

In  Fig.  21  the  numerical  values  assumed  are: 

A^i  =  25.  Kt  =  520. 

Zi  =    0.25  Zj  =      1.3 

R^  =5.  ^2  =     leS. 

B  F  =^  4t^  and  ro  =  15,  consequently  we  have : 

G^  =    0.5  Gi  =      2. 

B  0^  =  12.  B  0^=     1.5 

BA,-^.  B  A2=     3. 

BD,  =  —9.  B  Di=  —2.25 

BB,  =  —6.  B  n.,=     1.75 

tan  0/  =4  tan  #/  =  J 

tan  d{'  =  i  tan  #/'  =  f 

tan  <?,  =  *  — f  =  — A  tan#3  =^-^J  =  | 

These  values  are  arrived  at  either  by  construction  as  in  Fig.  21 
or  by  computation.  Probably  in  tnost  cases  computation  will  be 
the  more  convenient ;  but  when  the  values  of  the  co-ordinates  a 
=  tan  di  a!id  /J  =  tan  ^^  of  a  point  I^  corresponding  to  some 
known  or  unknown  value  of  co  have  been  tlius  found  they  can  be 
at  once  used  as  in  Fig.  22  for  plotting  the  point  /^  of  the  locus 
for  6^1  =  i  and  G2  =  2. 

Numerical  values  from  which  the  curves  in  Fig.  22  were 
plotted,  are  given  in  the  following  tables  of  values  of 


A\  —  Z,  of^ 

Jll   (0 

^           J\2  L>  0>^ 

It'i  (0 

"/A 

0.  -   ♦  ^»s  A<. 
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Values  of  Ox  and  a,  in  case  Ji^  =  6  and  A'j  /  Zj  =  100. 


A-,  = 

12.5 

as. 

50. 

100. 

900. 

!  18.75 

37.5 

75. 

150. 

300. 

L,  = 

O.I3^ 

0.25 

0-5 

I. 

2. 

1     .^875 

I    0.17s 
3.78 

0.37s 

0.75 

I  5 

3- 

C,  = 

0.35 

a. 47 

o.s 
4.95 

1. 

a. 

4- 

0.75 

i.5 

3- 
29.7 

6. 

CJ   =   I 

9-9 

19.8 

39.6 

7.45 

•4.9 

59-4 

4 

0.5a 

1.05 

2.1 

4« 

8.4 

0.79 

1.57 

3«5 

6.3 

12.6 

5 

0.37 

0.75 

'5 

3. 

6. 

0.56 

I. 12 

9.95 

4.5 

9- 

6 

0.26 

0.53 

i.<»6 

a. '3 

4.26 

1    °-^ 

0.8 

1.59 

3«8 

6.36 

7 

0.19 

0.37 

0.75 

i.S 

3- 

•    0.28 

0.56 

1. 12 

9.25 

4.5 

8 

0.1 1 

0.22 

0.45 

0.9 

1.8 

1       o.»7 

0.34 

0  68 

»-35 

9.7 

9 

0.05 

O.II 

0.21 

0.42 

.      C.84 

I       0.08 

0.16 

0.32 

0.63 

t.96 

lO 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

" 

—  0.05 

-   O.cig 

—  0.18 

—  0.36 

—  0.72 

—  0.07 

—  0.14 

—  0.27 

—  0.54 

—  1.08 

" 

—  0.09 

-   0.18 

—  0.36 

—  0.73 

-    ».47 

—  0.14 

-   0.27 

—  0.54 

—  1.08 

—  9.16 

«3 

—  0.13 

—  0.27 

—  P-53 

—  X.06 

—  J.  12 

—  0.2 

-   0.4 

—  0.8 

-  1.59 

—  3.«8 

«4 

—  0.17 

—   0.34 

—  0.69 

—   "37 

—  3.74 

—  0.26 

-   0.52 

—  1.04 

—   9.C7 

—  4U 

»5 

—  0.21 

—   0.42 

—  0.83 

-  1.67 

—  3. 33 

—  0.31 

—   0.62 

-  i.as 

—  a-S 

—  5. 

i6 

—  0.24 

-0.48 

—  0.97 

—  1.95 

—  3-9 

—  0.37 

—   0.73 

^  1.46 
-1.27 

—  9.91 

-  582 

"7 

—  0.28 

—    0,56 

—  I. II 

—   9.22 

—  4.45 

—   0.  t2 

—   0.83 

—  3-33 

—  6.66 

i8 

—  0.31 

—   0.62 

—  1.25 

—    2.49 

-  4.9« 

—   0.47 

—   0.94 

-   1.87 

—  3-74 

-  7.48 

«9 

—  0.34 

—  0.68 

—  «.37 

-  a. 75 

-  5.5 

—   0.52 

—    1.03 

-  9.06 

-  4.12 

-8.94 

20 

-  0-37 

~  0.75 

—  1.5 

—  3- 

-  6. 

—  0.56 

—    I. 12 

—  2.25 

—  4.5 

~  ''•. 

»S 

—  0.5a 

—  1.05 

—    2.1 

—  4.2 

-  8.4     , 

—  0.79 

-1.57 

—  3.«5 

-6.3 

— 12.6 

30 

—  0.87 

—  1.75 

—    2.5 

-  5- 

—10. 

—  0.94 

—  1.88 

—  3''5 

—  7.5 

—  «5- 

40 

—  0.94 

-  1.87 

—  3-75 

—  7.5 

— '5- 

—  «.4i 

—  9.81 

—  5.62 

— 11.25 

-29.5 

60 

-  1-45 

-  2.9 

-  5-8 

—  II. 6 

-23.1 

—  2  68 

-  4.35 

-8.7 

—17.4 

-34.8 

80 

—  2. 

—  4. 

—  8. 

—  16. 

-3a.     ! 

—  3. 

-  6. 

—12. 

— a4. 

-48. 

100 

—  a-47 

—  4-95 

—  9.9 

—  19.8 

—39.6 

'-  3-73 

1 

—  7.45 

-14  9 

—29.7 

—59.4 

Values  of  G2  and  ^,  in  cask  7?2  =  13  and  J5l^  /  Z2  =  400. 


A',= 

65. 

1 

130. 

9.60 

520. 

1040 

97-5 

195 

390. 

780. 

1560 

Z,,  = 

.162^ 

0.125 

0.65 

«-3 

2.6 

a4375 

•4875 
0.75 

0975 

«-95 

3-9 

u  =  1 

0.25 

0.5 

I. 

2. 

♦• 

0.17S 
7.48 

«.5 

3- 

6. 

4.99 

9.97 

19.95 

39.9 

79.8 

14.96 

29.99 

5985 

X197 

4 

1.2 

a. 4 

4.8 

9.6 

19. a 

1.8 

3j 

7.2 

X4.4 

28.8 

5 

0.94 

1.87 

3.75 

7.5 

«5. 

»  4 

9.8t 

5.69 

11.95 

22.5 

6 

0.7 

1.39 

2.78 

s-ss 

II. t 

1.05 

2  09 

4.«7 

8.34 

1668 

7 

0.63 

1.25 

a. 5 

5. 

10. 

094 

1.87 

3.75 

75 

»5- 

8 

0.53 

1.05 

9.1 

4. a 

8.4 

0  79 

I  57 

3«5 

6.3 

12.6 

9, 

0.45 

0.9 

X.8 

3.6 

7.» 

0.68 

«-35 

a. 7 

5-4 

108 

io[ 

0.38 

0.75 

«  5 

3. 

6. 

1      0.5ft 

1.12 

9.25 

tl 

9- 

It' 

0-34 

C.68 

1.27 

a. 55 

5. II 

0.48 

ir 

1.9 

7.69 

121 

0.27 

0.53 

1.07 

a. 15 

4.3 

0.4 

16 

3.ai 

6.49 

»3l 

0.22 

0.44 

0.88 

1.77 

3-55 

0.3 

0.61 

X  21 

a.43 

486 

M 

0.18 

0.36 

0.73 

1.46 

2.99 

0  a8 

0.55 

1.09 

2.19 

4.38 

'5i 

^  «S 

0.29 

0.58 

T.16 

a-3i 

0.23 

0.44 

0.87 

1.74 

3.48 

16 

O.II 

0.22 

0.4S 

0.9 

1 .8 

0.16 

0.31 

0.62 

1.25 

»-5 

»7, 

0.08 

0.16 

0.32 

0.65 

1-3 

0.12 

0.34 

0.48 

0.96 

199 

is; 

0.05 

U.I 

0.21 

0.42 

0.84 

,         0.8 

0.15 

0.31 

0.63 

1.96 

«9 

0.03 

0.0s 

0.1 

0.2 

0.41 

0.04 

0.07 

0.15 

0.3 

C.6 

20 

0. 

0, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

as 

—  0. 11 

—  0.22 

-  0.83 

-  0.9 

-  1.8 

—  0.17 

—  0.34 

—  067 

—  »  35 

—  9.7 

30 

—  0.21 

—  0.41 

-   ..67 

—  3-33 

—  0.32 

—  0  63 

—  1.24 

—  9.49 

—  4.98 

40 

—  0.38 

—  0.75 

-   '-l 

—  3- 

—  6. 

. —  0.69 

—  «-37 

—  9.75 

—  4  5 

—  9- 

60 

—  0.66 

1.32 

-  9.65 

—  5.3 

—10.6 

—  0.99 

—  1  9) 

—  3-97 

—  7-95 

-159 

80 

—  0.94 

- 1.87 

—  3-75 

-  7.5 

->5- 

-  «.4 

—  2.81 

-5.69 

—11.25 

~*25 

100 

1 

—  1.2 

—  a. 4 

-4.8 

-9.6 

-19.2     1 

,-1.8 

1 

-36 

-  72 

—  M.4 

-28.8 

It  is  evident  that  multiplying  both  K^  and  Z^  by  any  given 
number  also  multiplies  a  and  G^  by  that  number.  The  two 
halves  of  each  table  have  been  computed  for  vahies  of  K  and  Z 
such  that  in  each  succeeding  column  their  values  are  twice  those 
of  the  preceding  column,  hence  the  values  of  a  (  and  ^  )  follow 
the  same  law.      So   that  after   one   column  of  either  table  has 
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\teen  computed  the  othen>  are  simple  maltiples  of  it.     Additional 

oolomne  mav  readilv  l»e  made.      The  (NK>rdinate$  given   in  thece 

tablet^  nntUee  for  plotting  maiiv  Irici.     Of  these  a  few  have  been 

ifeleeted  for  ooni^ideration.   G^  =  '2  has  been  assumed  for  all  of  the 

loci  in  F*ig.  22  and  more  or  less  complete  loci  have  been   plotted 

for  values  of  ^,  =  J,  i,  1,  2.  4,  and  *^. 

Nuniliers  placeil  at  various  points  along  these   loci  desigrnate 

the  values  of  w  at  thc^e  points 

Let  us  continue  the  consideration  of  the  locus  G^  =  4*  ^«  =  -• 

It  is  verv  nearly  circular  until  near   /\  u«i  =15)    ?.  <».  at    fre- 

quencies  l>elow  tlmt  the  current  through  the  branch  2  is  compar- 
atively small,  but  after  that,  /^  rapidly  assumes  a  much  greater 
relative  im|K>rtance  and  so  the  hjcus  makes  a  wide  detour  from 
its  previous  course  until  at  about  lo  =  2r>,  a  =  ^9,  and  both  com- 
ponents having  the  satne  lag  the  locus  reaches  the  circumference 
of  the  ciicle  of  junction  O  (^|  becomes  tangent  to  it  and  passes 
into  the  other  leaf.  It  continues  near  the  circumference  O  Q 
until  (o  l>ecomes  infinite  at  O. 

The  frequency  at  which  the  locus  bscomes  tangent    to   ^  ^  is 

X(}  lie  found  from  the  expiation 

V?,  ~  % 

From  (30)  we  find  for  this  locus  fo„-  =  70n,  .-.  <e>„  =  26.45. 
Hince  frecjuency  must  be  positive  it  appears  that  a  given  locus 
never  has  more  than  one  point  of  tangency  with  the  circle  O  Q 
other  than  O,  F'ollowing  is  a  table  of  values  of  (o^  for  various 
relative  values  of  <r,  and  G,^  for  the  two  brandies  under  consid- 
eration. It  is  evident  that  multiplying  A',,  AT,.  Z,  and  Z^  in  (3(») 
by  any  given  number,  as  m  will  multiply  both  G^  and  G^  by  that 
number  l>nt  will  leave  co^;  unchanged.  This  tindfi  expression  in 
the  table  in  the  fact  that  the  values  of  o\;  are  the  same  in  any 
diag(»nal  sloping  downward  to  the  right. 
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Values  of  (Oq^  in  equation  (30)  for  B^  =  5  and  -ff 2  =  ^3. 


c,  = 

c,  = 

m 

a 

m 

4 

m 

8 

m 

16 

m 

3a 

m 

64 

tH 

138 

m 

856 

m 

51a 

m 

—  300 

T  00 
700 
500 
443 

430 

410 

405 
403 
401 


3  m 


o 
—  300 
T  » 
700 
500 

443 
430 
410 

405 
40a 


4m 


57 
o 

—  300 

T  00 
700 

500 
443 
430 
410 
405 


8  m 


80 

57 
o 

—  300 

T-   00 
700 
500 

-43 
430 

410 


16  m 

3»  W 

90.3 

95  a 

80 

90.3 

57 

80 

0 

57 

—  300 

0 

T  00 

—  300 

700 

T  00 

SCO 

700 

443 

Soo 

420 

443 

64  m 
976 

138  m 
988 

95  a 

976 

go.  3 

95.a 

80 

90.3 

57 

80 

0 

57 

—  200 

0 

T  00 

—  aoo 

700 

T  00 

• 

500 

700 

356  m 

5X3  m 

994 

99-7 

98.8 

99-4 

97.6 

98.8 

95.3 

97.6 

90.3 

95.a 

80 

90.3 

57 

80 

0 

57 

—  300 

0 

T  00 

—  300 

The  value  of  lo^^  for  the  principal  diagonal  of  the  table  may  be 
expressed  more  simply,  since  then 


/j:  2  /5  2  nr  '^i  -^^  ^^2  ^^ 

frj     _    Org    or    -^^ 


m 


by  comparison  of  proportions, 

7?i /?o Hi 

'Ri      R,  T{~ 


=  —  w, 


0 


(31) 


Hi 


Let  Mg,'  and  ^o^^  be  values  of  lo^'  on  two  diagonals  at  equal 
distances  from  tlie  principal  diagonal  of  the  table  and  let  A',,  Z), 
A'^,  Zj,  designate  the  values  these  quantities  have  in  the  first 
B(}uare  of  the  diagonal  then  their  values  in  the  nth  square  of  the 
top  line  are  2°  K^,  2°  Z„  K^,  Zj,  and  in  the  nth  square  of  the 
first  column  A^,,  ^i,  2"  A^,  2°  Zj ;  hence 


■i  _   Hi 


'"..r  =  - 


2°  Z' 
R, 


Z. 
R, 

A', 


Ri 
Ri 


Cm   =    T~ ;.-, 


">U\     '"(h! 


Rj_ 
2"  A'j 

X?2 

Aj  Ao 

^'rtrI 


2      /A   _   ■A\   _L  (an 
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Hence  by  composition  of  proportions  in  equation  (31)  we  have 

i.  e.  the  product  of  two  tabular  numbers  equidistant  from  the 
principal  diagonal  is  equal  to  the  square  of  a  number  in  that  di- 
agonal. 

F'urthermore  the  tabular  numbers  increase  above  that  diagonal 
and  decrease  below  it,  to  detinite  limits ;  for,  considering  numbers 
near  the  right  hand  end  of  the  upper  line  in  the  table  as  com- 
puted by  eq.  (30),  it  will  be  noticed  that  the  first  terms  of  the 
numerator  and  denominator  are  so  large  compared  with  the  last 
terms  that  the  value  of  io^;  approaches  the  limit  Ki  /  Z^,  obtained 
by  neglecting  the  last  terms.  That  limit  in  the  present  example 
iH  100.  But  if  numbers  near  the  bottom  of  the  first  column  of 
the  table  l>e  considered,  the  last  terms  of  the  numerator  and  de- 
nominator of  eq.  (80)  are  large  and  the  limit  in  this  case  is 
lu  /  Zo,  or  400  in  the  present  example. 

■  For  frequencies  between  the  limiting  valueft.<oo^  =  Ki  /  Zj  and 
w^*  =  lu  /  Li  these  loci  have  no  points  of  tangency  on  0  Q.  In 
our  example  no  locus  is  tangent  to  0  Q  between  the  frequencies 
10  =  10  and  w  =  20. 

It  will  be  noticed  also  that  in  this  table  (o^;  is  negative  and  m^ 
is  consequently  imaginary  in  case  0^  =  G^  and  generally  in  this 

table  unless  either  G^-^  2  G.,  or  G.,  ^  2  G^^  /.  ^.,  loci  lying  be- 
tween these  relative  values  of  G^  and  (t^  have  no  points  of  tan- 
gency with  O  Q. 

It  is  then  evident  that  certain  of  the  loci  have  points  of  tan- 
gency with  O  Q  outside  definite  limits,  while  others  have  no 
such  points  of  tangency  anywhere. 

Again,  let  F  =  tan  ^i  /  tan  0.> 

.    r  -  (A"i  —  ^i  ^''!)  ^ii  =  (A^  /  io'  ~  ZQ  Ji.>  ,oov 

{K,-L,iJ^)R,       {lu  /  <o''  -  Z,)  7?,  ^'    ^ 

It  is  evident  that  for  small  values  of  (o  the  value  of  F  is  approx- 
imately 

hence  any  locus  in  which  co  alone  is  variable  a])proximates  near 
()  (where  (o  is  small)  to  the  locus  represented  by  ecjuation  (33), 
a  locus  which  has  been  fully  treated  in  connection  with  Fig.  13. 
That  part  of  any  locus  in  which  <o  alone  varies,  which  is  near  (K 
lies  therefore  between  the  upper  semi  circles  on  the  diameters 
O  Q  and  O  Z;. 
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Likewise  for  large  values  of  co,  in  ease  (o  alone  varies,  the  lo- 
cus approximates  to  that  represented  by  the  equation 

which  near  0  lies  between  the  lower  semicircles  on  0  Q  and 
0  E^.  "Whether  the  locus  starts  out  from  0  in  the  first  leaf  or 
not,  depends  npon  the  value  of  F".     In  case  F'  y  1,  t.  «., 

K,  .  iq 

R,       R^ 

then  the  first  portion  of  the  locus,  where  co  is  small,  lies  in  the 
first  leaf,  but  in  case  F'  <  1  it  lies  in  the  second   leaf,  as  was 
shown  in  connection  with  Figs.  19  and  20. 
Again,  in  case  F"  >  1,  i.  ^., 

Hi        K-i 

the  locus  terminates  at  0  (for  large  values  of  m)  in  such  a  man- 
ner that  the  last  portion  of  it  lies  in  the  second  leaf ;  but  in  case 
F"  <  1  it  lies  in  the  first  leaf.  In  our  case  of  G^  =  ^  and 
6^2  =  2,  ^'  =  1^  and  F"  =  ^.  This  locus,  therefore,  starts  in 
the  second  leaf  at  to  =  0,  and  passes  from  the  second  to  the  first 
leaf  at  lo^  =  26.45  and  termitiates  at  oj  =   go  in  the  first  leaf. 

The  most  remarkable  and  itnportant  property  of  the  locus  Gi 
=  ^j  G,^  =  2  for  practical  applications  is  this:  for  frequencies  in 
the  wide  interval  from  w  =  10  to  (o  =  20  the  working  current 
varies  only  a  few  per  cent,  with  a  minimum  near  (o  =  15  and 
maxima  near  11  and  19.  The  total  effect  then  of  this  split 
circuit  as  compared  with  the  simple  circuit  7?,  F\  L^  is  to  permit 
in  the  interval  10  <  w  <  20,  a  somewhat  greater  working  cur- 
rent to  flow  than  /  =  6>  E^  which  would  have  flowed  in  the  first 
branch  at  io  ^  10,  but  the  current  is  so  modified  as  to  have  a 
stable  minimum  at  (0  =  15  instead  of  the  unstable  maximum  at 
io  ^=.  10  in  the  single  circuit.  The  possible  modifications  which 
can  be  introduced  by  simple  branching  suitably  designed  to  ef- 
fect automatic  regulation  of  various  kinds  seems  to  the  author  to 
be  a  field  in  alternating  current  engineering  likely  to  be  of  great 
importance  to  the  inventor.  Such  a  device  introduced  for  in- 
stance into  an  alternating  circuit  would  quite  do  away  with  the 
necessity  for  any  very  close  regulation  of  speed  by  the  governor. 
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Next  consider  the  loens  in  case  G^  =  2  and  6^,  =  2  as  shown 
in  Fig.  22.  The  locus  starts  in  the  second  leaf,  for  bj  equation 
(33)  ^  <  1 ;  but  it  has  no  point  of  tangency  with  the  circle  on 
O  Q  for  10^  <  0  and  w^  is  imaginary'. 

By  equation  (34)  i^"  >  1,  hence  it  also  terminates  at  0  in  the 
second  leaf. 

But  besides  this  it  has  points  of  contact  with  the  inner  edge  of 
the  leaf  on  the  circumference  E^  E^,  As  shown  in  connection 
with  Figs.  17  and  18,  the  numerical  value  of  a  (i  =  6r *  =  1,  at 
all  points  of  this  circumference  an  Ei  E,.  Hence  to  iind  such 
points  of  tangency  we  have  the  equations 


/?!    /?i 


CO' 


or 


or 


tan  ^i  tan  ^.^  =  —  1 


^,  —  tj^=±  w' 


(0 


LA,    Z-i    //'.  /'"J  VZj     Zo    Li   LJ       Ijy^ 


(35) 

Designate  these  roots  as  m'{  and  w/;  their  values  are  given  in 
the  a?companping  tables  in  which  iiu aginary  values  are  desig- 
nated by  i. 


Values  of  o){  and  ror,  ecjuation  (85). 


(;,  = 


f/j  =  0.25 
05 


o.as 

0.5 

• 

• 

• 

2<.0 

200 

soo 

122 

aoo 

328 

200 

aoo 

122 
328 

1 10 
364 


TOO 

2'-C 

122 

328 

I  10 

3'J4 

104  5 
383 


4 

8 

/■ 

soo 

200 

200 

122 

200 

328 

\i2 
328 

no 
364 

no 

364 

104.5 

383 

104  s 

383 

102. 1 

391  6 

102. 1 

391.6 

101. t 
3958 
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c,  = 

0.37s 

0.75 

».5 

3 

6 

xa 

G%  =  .375 

/ 

• 

• 

i 

>58 
253 

119 
337 

0.75 

/ 

• 

/ 

i 

158 
«»53 

3  7 

lod 
370 

«  5 

• 

f 

/ 

.58 
353 

119 
337 

i<8 
370 

104 
385 

3 

• 

/ 

158 
253 

119 
337 

108 
370 

104 

385 

loa 

392 

6 

253 

119 
337 

108 
370 

104 
38.S 

10a 
39a 

lot 
396 

13 

119 

337 

ic8 

370 

104 
385 

I03 

39a 

lOI 

306 

X00.5 
398. 

Since 


Xj  L<t 


we  have  io{  to.?  =  4n,000  throughout  this  table.  All  value?  of 
€0^  and  io^  lie  between  10  and  2n,  and  whenever  (o^  is  real  io^  is 
also  real,  or  in  other  words,  whenever  a  locus  has  one  point  of 
tangency  with  the  inner  edge,  it  also  has  a  second  such  point, 
though  it  is  possible  for  the  two  points  to  come  together,  in  which 
case  the  locus  will  have  a  point  of  double  contact  with  the  inner 
edge. 

On  the  locus  Gx  =  O.,  =  2,  w,  =  lli  -j-  a»d  (o.,  =  18.  -f-- 
At  the  lirst  of  these  points  the  locus  passes  from  the  second  leaf 
to  the  tirst,  and  at  the  other  point  it  returns  to  the  second  leaf, 
on  which  it  remains  for  all  values  of  lo  greater  than  18.  -j— 

Consider  also  the  locus  G^  =  2,  Gi  =  8.  In  this  case  F^  >  1 
and  F"  >  1.  Hence  the  locus  begins  in  the  first  leaf  and  ends 
in  the  second.     It  passes  at 


^«;,,  =     4/57.   +  =  7.5 

from  the  lirst  leaf  to  the  second,  it  also  intersects  both  the  pre- 
vious loci  and  all  other  loci  for  which  G.»  =  2  at  to  =  \0  and 
passes  again  upon  the  iirst  leaf  from 


(O, 


^"104.5  =  10.2  +  to  o).  =    V388  =  19.0  +. 


The  striking  peculiarity  of  both  these  loci  is  a  strongly  marked 
minimum  working  current,  such  that  a  far  greater  power  must 
be  exerted  to  make  the  frequency  much  greater  or  lees  than  that 
corresponding  to  this  minimum.  Such  a  split  current  constitutes 
an  effective  automatic  speed  regulator. 
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Part  of  the  locus  <?2  =  2,  6^,  =  I  has  been  constructed.  It  is 
interesting  from  the  fact  that  lo^  =  ±  co  and 

10^  =  0)2=    V'IbO  =  14.  +. 

It  therefore  has  a  double  contact  with  the  outer  edge  at  0  and 
witli  the  inner  edge  ^«>  =  14.  -j— 

Part  of  the  locus  (r^  =  2,  (?i  =  i  is  also  shown.  The  por- 
tions of  these  last  loci  not  drawn  above  the  upper  semi-circle 
0  Ey^  lie  intermediate  between  those  already  plotted. 

Plotting  loci  for  successive  values  of  G^  is  facilitated  by  draw- 
ing auxiliary  loci  for  successive  constant  values  of  io.  These 
auxiliary  loci  are  circles  like  those  in  Figs.  15  and  16,  as  is  evi- 
dent from  equations  (25)  and  (26.)  For  assuming  K.y^  Zj,  R^  and 
to  as  given,  G^  and  ^  are  known  constants,  but  with  K^  and  Zj 
variable,  G^  and  a  are  also  variable.  As  shown  in  connection 
with  Figs.  15  and  16,  the  auxiliary  loci  for  ^  constant  and  a  vari- 
able are  circles  whose  centers  lie  on  the  circle  of  diameter  C\  (7/. 
Parts  of  these  circles  have  been  drawn  on  Fig.  22  for  values  of 
a>  =  15,  20,  25,  30. 


Discussion. 

Dr.  a.  E.  Kennelly  : —  This  paper  is  devoted  to  a  subject 
which  at  the  present  time  has  but  little  practical  interest,  since 
it  deals  with  the  effects  of  alternating  currents  of  different  or  of 
variable  frequencies;  whereas,  if  we  omit  telephonv,  the  fre- 
quencies which  are  employed  in  commercial  practice  are  de- 
signed to  be  uniform  and  only  vary  within  a  small  percentage, 
owing  to  the  variations  of  the  speed  of  the  alternators.  Never- 
theless, a  number  of  the  propositions  which  are  pointed  out,  are 
of  considerable  theoretical  interest,  and  we  know  how  often  it 
happens  that  a  subject  which  is  obscure  and  of  little  practical 
importance  at  one  time  may  develop  into  considerable  practical 
importance  at  a  subsequent  period. 

The  paper  very  amply  illustrates  the  fact  that  the  key  to  the 
simplest  analysis  of  alternating  currents,  lies  in  the  use  of 
graphical  methods. 
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ALTERNATING  CURRENT  TRANSFORMERS— FROM 
THE  STATION  MANAGER'S  VIEWPOINT. 


BY    \V.    F.    WHITE. 


In  the  early  days  of  alternating  central  station  development, 
many  a  sale  of  alternating  central  station  equipment  was  lost  to 
direct  current  competitors  by  the  facts,  figures  and  fancies 
which  the  salesman  of  direct  current  apparatus  was  able  to 
advance  concerning  the  wastefulness  of  energy,  the  expense  of 
maintenance,  and  the  danger  to^  life  which  purchasers  must 
accept  as  inseparably  wedded  to  any  transformer  system. 

Notwithstanding  that  tHe  danger  to  life  was  unfortunately 
made  much  of,  and  the  facta  grossly  misrepresented,  still  the 
correctness  of  many  of  those  arguments,  in  the  light  of  present 
knowledge,  stand  up  remarkably  well  under  the  scrutiny  of  quali- 
tative analysis.  And  it  is  even  more  remarkable,  in  view  of  the 
natural  tendency  to  exaggerate  induced  by  zeal  to  make  sales, 
how  little,  if  any,  were  the  facts  of  these  evils  overdrawn  or 
magnified.  Quantitative  analysis  in  fact  proves  that  most  figures 
then  given  to  show  the  amount  of  transformer  "leakages"  were 
understated.  On  the  part  of  salesmen  this  was  undoubtedly 
more  a  mistake  of  the  head  than  of  the  heart,  for  while  some  few 
of  them  knew  the  results  of  some  isolated  tests  of  some  particular 
size  of  one  type  or  manufacture  of  transformer,  no  one,  whether 
salesman,  engineer  and  designer,  or  manufacturer,  had  any 
knowledge  or  conception  of  the  cumulative  effect  of  transformer 
losses  on  the  station  output.  Such  little  knowledge  as  had  then 
been  acquired  related  more  to  the  transformer  efficiency  under 
certain  percentages  of  rated  load,  than  to  all  day  efficiency,  or  the 
24-hour  ratio  of  energy  output  to  energy  absorbed  under  average 
conditions.  505 
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Little,  if  anything,  was  known  of  transformer  core  losses,  and 
the  effect  of  power  factor  on  station  and  line  capacities  had  not 
Lad  consideration.  As  long  ago  as  1892  the  writer,  in  making  a 
careful  examination  into  the  operations  of  one  of  the  then  largest 
alternating  stations  in  this  country,  made  the  discovery  that  with 
a  net  meter  rate  to  consumers  of  about  20  cents  per  1,000  watt 
hours,  the  income  per  k.  w.  hour  output  at  the  switchboard 
was  only  about  six  cents,  showing  an  average  loss  from  station 
switchboard  to  consumers'  meter  of  about  70  per  cent. 

Current  was  supplied,  in  accordance  with  the  then  existing 
universal  practice,  through  one  or  more  transformers  for  each 
customer.  In  two  or  three  cases,  for  large  installations,  as  many 
as  18  or  20  transformers  were  erected  for  a  single  customer,  no 
transformer  of  more  than  75  lights  capacity  being  used  ;  the 
transformer  primaries  connected  in  multiple,  but  the  secondaries 
feeding  entirely  distinct  and  separate  circuits. 

Of  each  1,000  watt-hours  output  at  the  switchboard,  it  was 
estimated  that  approximately  800  watt-hours  were  delivered 
through  the  customers'  secondary  meter,  GOO  watt-hours  were 
accounted  for  bv  transformer  core  Josses,  leaviuiy  lOo  watt-hours 
to  be  accounted  for  by  transmission  and  other  losses. 

.\  statement  of  these  conclusions  to  a  well-known  manufac- 
turer, who  supplied  the  wattmeters  and  many  of  the  transform- 
ers, elicited  the  opinion  that  either  the  primary  meters  registered 
too  fast  or  the  secondary  meters  too  slow. 

A  meter  expert  from  the  factory  accordingly  spent  several 
weeks  in  testing  all  primary  and  secondary  meters,  found  them 
correct,  and  proved  that  the  apparent  discrepancy  was  not  due 
to  the  meter  end  of  the  plant  equipment.  With  the  writer's 
recommendation  that  a  three- wire  secondary  network  be  erected, 
using  100-volt  lamps,  and  fed  through  large  transformers  at  fre- 
quent centers  of  distribution,  the  matter  was  dropped  ;  but  there 
is  no  doubt  that  the  proportion  of  the  output  attributed  to  trans- 
former losses  was  approximately  correct. 

Since  that  time  it  has  been  the  writer  s  good  fortune  to  be  in 
touch  with  a  considerable  number  of  alternating  plants,  giving 
him  knowledge  of  their  operating  results,  and  he  does  not 
hesitate  to  assert  that  very  few  plants  exist,  giving  continuous 
service,  using  separate  transformers  for  individual  customers, 
and  charging  from  twelve  to  twenty  cents  per  1,000 
watt  hours,  secondary  meter  measurement,  whose  income  per 
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K.  w.  hour  output  at  the  switchboard  exceeds  from  four  cents  to 
seven  cents.  In  other  words,  the  transmission,  transforming  and 
distribution  losses  are  commonly  as  much  as  two  hundred 
per  cent,  of  the  customers'  demand,  as  .shown  by  the  customers' 
meters.  This  does  not  mean  operating  expenses  three  times  as 
great  as  if  all  these  losses  were  eliminated,  but  it  does  mean  that 
large  expenditures  are  made  for  fuel  and  feed  water  for  the 
keeping  warm  of  numerous  transformers  operating  about  *J0 
hours  per  day  with  open  secondaries.  And  great  numbers  of 
small  transformers  also  mean  great  variations  of  secondary 
voltage,  large  bills  for  lamp  renewals,  unsatisfactory  service,  and 
a  reduced  number  of  lamps  which  can  be  served  at  any  instant 
from  a  given  generator  capacity.  To  show  the  benefits  to  be 
derived  by  using  a  secondary  network,  fed  by  large  transform- 
ers working  in  multiple,  but  located  one  at  each  feeding  point 
or  local  center  of  distribution,  as  compared  with  the  use  of  small 
transformers,  one  or  more  to  a  customer,  the  writer  presents 
some  results  accomplished  by  an  existing  plant  in  remodeling  its 
transformer  svstem  in  accordance  with  these  ideas. 

January  ist,  1895,  this  plant  was  serving  lH,7o2  incandescent 
lamps  (H)  o.  p.  equivalent)  through  oH  transformers  of  22,190 
lamps  rated  capacity,  each  transformer  averaging  40.f)  lamps 
capacity  and  serving  80.r)  lamps.  The  transformer  load,  with 
open  secondaries,  was,  as  near  as  could  be  determined,  about  80 
amperes  at  1,000  volts.  In  view  of  the  fact  that  the  maximum 
load  never  exceeded  50  per  cent,  of  the  lamp  capacity  connecte*!, 
it  was  evident  that  a  very  considerable  reduction  could  be  made 
both  iu  the  number  of  transformers  connected,  and  in  their 
aggreirate  capacity,  by  the  use  ot  a  secondary  network.  The 
theoretical  limit  was  to  reduce  the  transformer  capacity  to  equal 
the  maximum  load,  which  would  lower  the  capacity  connected 
from  22.190  lamps  to  about  7,000  lamps,  a  reduction  of  about  f)4 
per  cent.  This  limit  was  evidently  impossible  of  attainment 
be(*ause  of  the  large  number  of  isolated  installations,  especially 
in  the  residence  districts,  recjuiring  individual  transformers, 
which  of  necessity  must  generally  be  of  capacity  equal  to  several 
times  tlie  average  load.  A  system  of  ;^-wire  secondary  networks 
was  laid  out,  and  estimates  made  showing  a  possible  reduction  of 
almost  vSO  per  cent,  in  the  number,  and  of  about  50  per  cent,  in 
the  lamp  capacity,  of  transformers  connected.  A  large  number  of 
tests  of  core  losses  of  all  sizes  of  transformers  in  service  was 
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then  made,  for  estimating  the  total  core  losses  for  the  plant,  and 
for  comparisons  with  the  estimated  core  losses  of  the  large  trans- 
formers to  be  erected  in  replacing  the  old. 

An  illustration  of  one  or  two  of  these  comparisons  may  be  of 
interest.  One  installation  of  approximately  700  lamps  was  fed 
through  a  large  bank  of  small  transformers  having  an  aggregate 
core  loss  of  4,440  watts,  which  could  be  replaced  by  two  trans- 
formers having  a  combined  estimated  core  loss  of  310  watts.  On 
the  basis  of  the  number  of  watt  hours  per  pound  of  coal  then 
being  produced  by  the  plant,  not  taking  into  account  any  line 
losses,  this  example  shows  the  following  results: — 

4.440  watts,        88,894,400  watt-hours  per  year — requires  190.6  tons  coal 
310      "  2,715.600         ••  '•        •  **  8.4    •'       •* 


Annual  saving,  36,178,800  watt-hours  182.2  tons  coal. 

The  annual  income  from  this  installation  was  about  $2,100.00, 
at  twelve  cents  per  1,000  watt-hours.  With  a  secondary  output 
of  about  17,800,000  watt-hours,  and  transformer  core  loss  of 
about  38,894,400  watt-hours,  the  income  per  k.  w.  hour  output 
at  the  switchboard  for  this  installation  was  evidently  less  than  4 
cents,  and  the  core  losses  were  more  than  double  the  total  sec- 
ondary output. 

In  another  case,  one  section  of  the  city,  comprising  10  city 
blocks,  was  fed  by  one  dynamo  and  circuit  through  71  trans- 
formers, having  an  aggregate  rated  capacity  of  4,482  lights,  and 
aggregate  core  losses  of  10,402  watts  (estimated),  or  91,121,520 
watt  hours  per  year. 

To  replace  these  transformers,  a  3- wire  secondary  network 

was  erected,  supplying  all  customers,  and  fed  by  iive  400-light 
transformers,  located  at  as  many  feeding  points  or  local  centers 
of  distribution.  Each  transformer  was  provided  with  primary 
and  secondary  switches,  by  means  of  whioli  all  transformers  were 
thrown  into  service  each  night  from  dusk  until  midnight,  at 
which  latter  hour  four  transformers  were  cut  absolutely  out  of 
circuit.  On  a  yearly  average,  five  transformers  were  in  circuit 
about  six  hours  per  day,  and  one  transformer  the  remaining  18 
hours  per  day.  The  combined  core  losses  of  the  five  were  about 
1,250  watts,  and  for  the  hours  in  service  aggregated  about 
4,380,000  watt  hours  per  year.  Some  results  of  the  above 
changes  on  this  one  circuit  therefore  were  as  follows : 
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Number  of 
Transformers. 

Lights 
Capacity. 

71 

4.48a 

5 

2, coo 

Saving. 

■  .48a 

Total 

Core  Ixnses— 

Watts. 

Total  Annua? 

Core  Losses— Watt 

Hours. 

Equivalent  1  ons 
Coal. 

10.40a 
1, 750 

9i,Tai«5ao 
4,380.000 

446.7 
"5 

9»»5a 

86,741,590 

495  a 

A  reduction  of  over  95  per  cent,  in  core  losses,  and  a  saving 
for  one  year  in  cost  of  fuel  alone  of  $815.40  were  effected  for 
this  one  circuit.  These  examples  were  extremes,  because  the 
lighting  covered  l)y  them  was  concentrated  ;  and  because  in  most 
residence  and  outlying  business  districts  few  changes  in  the 
nuiriher  and  capacity  of  transformers  could  be  made.  The  results 
fthown  by  the  last  example  were  therefore  much  above  the  aver- 
age for  the  whole  plant,  but  serve  to  show  the  possibilities  of 
such  changes  and  the  methods  pursued  in  this  case. 

Some  results  for  the  plant  as  a  whole  may  therefore  be  fairly 
indicative  of  what  other  average  plants  operating  under  similar 
conditions  may  accomplish  in  the  same  direction,  and  were  as 
follows : 


Time. 

1 

Ijimps 
Connected. 

Transformers 
Connected. 

•  ^^ 

Total 
Capa.ity. 

Average 
Lights 
Capacity. 

Average 
Lights 
Sf-rved. 

Jan   I,  \ 

1895. 

16.702                       547 

22,190 

40.6 

30.6     • 

'•     1.1 

896. 

19.28J 

20 1 

13865 

69. 

90.1 

'•    1.. 

897. 

20,262 

»5» 

13.498 

88.8 

133  3 

•'     I,  I 

898. 

23,643                       141 

1 

14.946 

106. 

167.7 

1 

Year. 

Income. 
$59,012.71 

Switchboard 

(.)utput,  K.  w, 

H   urs. 

Income  per 

K   w.  Hour 

Output. 

Increase  of  Income 

per  K,  w    Hour 

Output. 

I3.y4 

928,400 

$.0635              1 

i*»«i5 

54i23>.67 

7w».752              !                  0684 

7.7  per  cent. 

i 

5«.4»5-29 

551.0^4 

0913 

46.9  per  cent. 

-3^7 

56,3 1 7. 4J                           508,070 

.lie 

>8 

74-5  P««"  cent. 

510 
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Yrar. 


1894 

1895 
1896 

1897 


Actual  K.  w. 
Huurs  Output. 


928.400 

79«.75» 
551.064 
508,070 


Estimated  k.  w. 
Hoots  Output— 

Bas's  1894. 

Cooditions. 


854.042 
809689 
886,888 


Estimated  k.  w. 

Hour*  saved  by 

Change. 


Estimated  Saving  io 
Coal— 1894  Basu. 


It  must  be  borne  in  mind  that  the  number  of  16  c.  p.  equi- 
valents connected  Jan.  1,  18J>5,  was  16,7^2,  and  increased  by 
Jan.  J,  1898,  to  23,643,  or  more  tlian  41.5  percent.-  The  savings 
estimated  in  last  table  are  based  on  the  conditions  at  the  begin- 
ning of  this  period,  i  ^.,  the  same  number  of  transformers  and 
the  same  transformer  capacity.  But  if  the  same  conditions  had 
obtained  throughout,  an  increase  of  41.5  per  cent.,  or  226  trans- 
formers, of  9,208  lights  capacity,  would  have  been  added  to 
supply  the  new  lights  connected.  And  while  only  a  part  of  the 
core  losses  of  the  transformers  in  service  Jan.  1, 1895,  was  saved 
by  the  change,  the  entire  losses  of  the  227  transformers,  which 
would  have  been  required  by  increased  business,  were  paved.  It 
is  therefore  perfectly  safe  to  add  hi)  per  cent,  to  the  savings 
shown  in  the  last  table,  in  estimating  actual  benefits.  From 
reduced  core  losses  alone,  therefore,  there  is  an  annual  saving 
of  approximately  $6,000.00. 

In  core  losses  alone,  the  savings  already  effected  have  more 
than  paitl  all  costs  of  the  entire  change  of  lamps,  meters 
and  transformers  (for  because  of  a  simultaneous  change  from  52 
volts  to  10(5  volts,  secondary,  all  lamps  and  meters  also  had  to  be 
changed),  and  of  the  erection  of  secondary  network ;  and  the 
annual  saving  of  >>6,0(K).0(i  is  equal  to  6  per  cent,  interest  on 
^100,000.00,  secured  without  one  dollar  invested. 

To  be  certain  that  the  saving  of  fuel  was  in  proportion  to  the 
reduction  in  k.  w.  hours  output,  as  estimated,  the  plant  efficiency 
under  the  changed  conditions  must  be  known.  It  is  therefore 
pleasing  to  note  that,  using  coal  from  the  same  mine  most  of  the 
time,  the  watt  hours  output  per  pound  of  coal  actually  increased 
for  1806  by  3.8  per  cent.,  and  for  1897  by  5.i>  per  cent,  over 
1895,  so  that  the  saving  in  fuel  was  at  least  not  less  than  in  pro- 
portion to  the  saving  in  k.  w.  hours  output. 
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Some  incideDtal  advantages  of  the  change  may  be  mentioned. 

I^frst  Under  the  old  plan,  the  H,941  lights  added  would  have 
required  about  9.200  lights  additional  transformer  capacity,  of  40 
lights  average  size,  of  $1.00  per  light  average  cost,  giving  an  in- 
vestment saving  of  $9,200.00. 

Second,  The  transformer  load,  with  open  secondaries,  of  80 
amperes,  was  reduced,  by  the  fall  of  1897,  to  about  30  amperes, 
notwithstanding  an  increase  of  about  25  per  cent,  in  the  number 
of  lights  connected.  A  saving  of  50  amperes  at  1,000  volts 
represents  a  capacity  to  serve,  without  additional  station  or  line 
equipment,  approximately  l,0O0-ir>  c.  r.  equivalents,  all  burning 
at  one  time,  or  fully  2,000- 1  (»  c.  p.  equivalents  connected. 

Third,  F'ormerlv  as  manv  as  a  dozen  transformers  were  fre- 
quently  burned  out  in  a  single  thunderstorm.  Ten  per  cent,  of 
the  transformers  connected  would  be  a  conservative  estimate  of 
tlie  number  burned  out  each  year  from  various  causes.  Of  the 
new  transformers  connected  during  tlie  past  three  years  only  one 
has  failed  from  any  cause,  and  that  one  was  defective,  and  burned 
out  under  light  load  almost  immediately  upon  being  put  in  ser- 
vice.  Transformer  repair|costsare  therefore  practically  eliminated. 

Fifurtit,  Incandescent  lamp  renewals  have  been  greatly  re- 
duced. Using  lamps  from  the  same  factory,  of  the  same  effi- 
ciency, and  bought  at  the  same  price  per  lamp,  the  cost  (esti- 
mated) of  renewals  per  k.  w.  hour  consumed  by  the  lamps  has 
been  reduced  from  ^.dOsl  in  1S95  to  ^.0057  in  1897,  a  reduc- 
tion of  29. ()  per  cent.  This  saving  represents  the  advantage  of 
regulating  the  secondary  voltage  l)y  pressure  wires  connected  to 
the  sei'ondary  network,  as  coni[)ared  with  the  former  method  of 
regulating  the  primary  voltage  by  station  transformers. 

Fifth,  The  principal  remaining  incidental  advantage  is  the 
uniformity  of  voltage,  bringing  uniformity  in  quality  of  service 
and  the  consequent  satisfaction  of  customers,  the  value  of  which 
cannot  be  estimated  in  dollars  or  ])er  centages.  These  are  some 
actual  results,  and  such  as  any  plant  operating  under  similar  con- 
ditiijiih  can  achieve  at  small  expense,  if  the  changes  are  well 
planned,  and  the  replaced  apparatus  sold  to  the  best  advantage. 

In  this  connection,  attention  must  be  called  to  one  other  fact, 
which  is,  that  (*entral  stations  using  separate  transformers  for 
individual  cnst(jmers  hav^e  the  great  majority  of  their  transform- 
ers workinu^  on  open  secondaries  probably  SO  per  cent,  of  the 
time.     The  best  transformers  have  a  power  factor  of  about  50 
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with  open  secondaries,  and  of  fully  99.9  with  almost  any  load 
they  carry  in  practice.  It  is  therefore  perfectly  credible,  and 
the  writer  has  demonstrated  it  to  be  so  by  many  actual  tests  on 
various  plants,  that  the  average  power  factor  of  plants  operating 
under  above  specified  conditions  is  approximately  66. 

It  scarcely  needs  demonstration  that  if,  instead,  a  secondary 
network  is  used,  and  only  such  transformers  allowed  to  remain 
in  circuit  at  periods  of  light  load  as  are  required  to  advanta- 
geously carry  such  load,  the  average  power  factor  will  be  approxi- 
mately 100.  The  volt-ampere  liours  therefore,  calculated  from 
the  station  voltmeter  and  ammeter  readings,  give  approximately 
the  watt-hours  output.  But  almost  all  existing  plants  use  sepa- 
rate transformers  for  individual  customers,  and  the  great  majority 
of  them  do  not  have  primary  wattmeters  on  their  switchboards, 
and  do  calculate  their  volt-ampere-hours  output  as  equivalent  to 
watt  hours,  getting  results  about  50  per  cent,  in  excess  of  the 
facts.  They  therefore  are  able,  apparently,  to  show  50  per  cent, 
more  watt-hours  per  pound  of  coal,  and  33^  per  cent,  less  ex- 
pense per  K.  w.  hour  output  than  another  station  operating  under 
the  same  conditions,  and  fully  equalling  theirs  in  actual  perform- 
ance, but  which  accepts  the  primary  meter  readings  as  the  basis 
of  estimate. 

As  a  matter  of  fact,  the  usual  disparity  is  greater  than 
the  percentages  given,  because  most  station  managers  in  erecting 
primary  switchboard  meters,  follow  their  aesthetic  inclinations, 
and  use  ornamental  glass  covers  which  ai-e  particularly  susceptible 
to  the  admission  of  dust  and  grit,  with  the  result  that  the  meters 
rapidly  slow  down.  It  is  highly  probable  therefore  that  in  some 
stations  the  volt-ampere-hour  record  would  show  twice  the  num- 
ber of  apparent  watt-hours  per  |)ound  of  coal,  and  one-half  the 
expense  per  apparent  k.  \v.  hour  output  that  would  be  shown  by 
the  record  of  the  primary  meter  already  erected  on  the  switch- 
board, which  tends  only  to  show  the  worthlessness  of  data  from 
different  plants,  for  purposes  of  comparison,  unless  the  local  con- 
ditions are  known  in  each  case. 

This  digression  is  permissible,  we  hope,  because  the  average 
power  factor,  so  far  as  we  know,  has  never  l)een  taken  into  ac- 
count, and  because  for  that  reason  much  misleading  alternating 
central  station  data  is  in  circulation. 

Purchasers  and  users  of  transformers  should  insist  that  trana- 
formers  meet  certain  requirements,  or  be  rejected,  and  some  of 
these  requirements  will  be  stated. 
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Where  transformers  are  used  for  feeding  networks,  the  second- 
aries in  multiple,  small  core  losses  are  of  much  greater  impor- 
tance than  close  regulation,  and  should  be  kept  at  the  lowest 
practicable  point.  The  regulation  will  be  cared  for  by  treating 
the  transformer  and  feeder  drop  together,  through  the  use  of 
secondary  pressure  wires. 

Where  the  transformers  are  entirely  independent,  feeding 
separate  secondaries,  close  regulation  must  be  had,  and  the  core 
losses  be  made  as  low  as  the  adopted  regulation  will  permit. 
With  constant  full  load  the  temperature  must  not  rise  to  a  high 
point,  and  should  not  exceed  50°  centigrade  above  the  surround- 
ing air.  This  is  important  not  only  because  of  the  increased  life 
of  transformer  insulation  through  low  temperatures,  but  also, 
and  possibly  to  a  greater  degree,  because  magnetic  fatigue  is  a 
certain  follower  of  high  core  temperatures.  If  therefore  the 
core  losses  might  be  increased  50  percent,  or  possibly  100  percent, 
tlirough  high  temperatures,  the  cost  of  these  core  losses,  as 
ehown  in  case  of  the  plant  above,  make  argument  unnecessary 
as  to  the  desirability  of  having  transformers  run  cool. 

The  transformer  case  should  be  tilled  with  oil,  because  of  its 
insulating  (juali ties,  its  exclusion  of  air,  and  because  of  its  assis- 
tance in  maintaining  the  low  temperature  desired. 

The  iubulation  resistance  between  the  pri?nary  and  secondary 
windings  should  be  able  to  stand  up  under  not  less  than  10,000 
volts  alternating,  difference  of  potential,  for  transformers  having 
l,(H)n-volt  or  2,000- volt  primaries,  and  the  writer  would  strongly 
urge  a  15,000- volt  alternating,  test.  If  both  the  primary  and 
secondary  windings  are  on  the  core,  the  same  insulation  resist- 
ance sliuuld  be  required  between  either  winding  and  the  core,  as 
between  the  two  windings.  The  use  of  grounded  shields  placed 
between  the  primary  and  the  secondary  windings,  the  grounding 
of  the  shell  or  core,  the  grounding  of  the  secondaries,  the  plac- 
iui^  in  each  customer's  service,  connections  of  aiiv  tlcvice  to  auto- 
matically  open  the  circuit  of  such  customer  in  case  of  an  unusual 
difference  of  potential,  are  all  practices  that  are  opposed  as  ex- 
pensive, as  liable  to  cause,  more  than  to  prevent  trouble,  as  com- 
plicating existing  practice,  and  as  wholly  unnecessary. 

Proper  insulation  is  sutHcient  protection  against  the  damages 
«joHglit  to  be  avoided.  Station  managers  as  earnestly  desire  com- 
plete safety  for  life  and  property  as  the  Underwriters'  Associa- 
tion, but  vigorously  oppose  the  introduction  of  any  unnecessary 
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deTices  that  are  expensive  to  install  and  to  maintain.  That  As- 
sociation, in  seeking  protection  for  the  secondaries,  should  do  so 
through  Buflicient  transformer  insulation  and  low  temperatures, 
r^th  of  these  requirements  mean  increased  cost  of  production 
and  higher  selling  prices,  bnt  as  tlie  consequent  increased  economy 
makes  the  increased  cost  a  profitable  investment,  no  reasonable 
manager  will  object.  In  this  way  the  ends  sought  will  be  best 
attained,  and  the  interests  of  all  parties  duly  safeguarded. 

Omaha.  Neb.,  May  19.  1898. 
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AIR-GAP  AND  CORE  DISTRIBUTION. 

Thk    Ma(;netic    Flux  and  its  EFFJxrr  upon  the  Re<*ui-atjon 
AND  Efficikncy  OF  Dynamo-Electric  Machinery. — I. 


BY  W.  ELWELL  (iOLDS BOROUGH. 


The  predetermination  of  the  regulation  of  any  dynamo  elec- 
tric machine  involves  several  important  steps,  and  not  the  least 
among  these,  es|)ecially  in  the  case  of  alternating  current  appara- 
tus, is  the  determination  of  the  air-gap  distribution  of  the  flux, 
for  upon  it  depends  the  inductance  of  the  armature  winding,  the 
wave  form  of  the  e.  m.  f.  and  of  the  current. 

The  contours  of  the  pole-pieces  and  the  armature  teeth  of  a 
machine  affect,  therefore,  to  an  important  degree  its  commercial 
usefuhiess,  as  the  air-gap  distribution,  and  consequently  the 
dynamo  regulation,  is  directly  dependent  upon  the  shapes  of 
these  iron  parts.  In  designing  electrical  machinery  the  mechan- 
ical details  should  always  be  given  careful  attention,  and  fre- 
quently a  method  of  successive  trial  will  have  to  be  followed  to 
the  end  of  finding  the  best  pole  and  tooth  shapes  to  be  used  to 
fulfil  the  recjuirements  of  the  specifications. 

In  developing  a  method  for  accurately  calculating  the  anna- 
fare  surface  density,  let  us  consider  first  the  simple  conditions 
illustrated  in  Fig.  1.  Here  the  armature  surface  is  taken  as  a 
plane  extending  indefinitely  to  right  and  left.  The  pole-piece  is 
a  rectangular  block  extending  in<lefinitely  in  a  vertical  direction 
above  the  armature,  and  having  perfectly  s(]uare  corners.  The 
length  of  the  air-gap  or  the  vertical  distance  from  the  pole-face 
to  the  armature  surface  is  the  same  at  all  points.  Both  the 
armature  and  the  pole-piece  extend  indefinitely  at  right  angles  to 
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the  plane  of  the  paper,  and  Fig.  1  is  only  a  croB8-8ectional  view 
of  the  apparatus  assumed. 

Suppose,  now,  that  a  m.  m.  f.  is  applied  to  the  pole-piece  to 
set  up  a  magnetic  field  in  the  air-gap.  Since  the  permeance  of 
the  pole-piece  and  of  the  armature  is  high,  we  can  consider,  for 
all  practical  purposes,  that  all  points  on  the  sides  and  face  of  the 
pole-piece  are  at  the  same  potential  relatively  to  the  armature 
surface,  and  that  all  points  on  the  armature  surface  are  at  the 
same  potential  relatively  to  the  pole-piece,  and  that,  therefore,  a 
constant  difference  of  magnetic  potential  exists  between  points 
on  the  pole-piece  and  points  on  the  armature.  That  is,  for  all 
practical  purposes,  tliere  is  the  same  difference  of  potential 
between  (a-J)  as  there  is  between  {c-d)  or  {e-f). 

And,  th^  numher  of  lines  of  force  that  pctss  between  any  pair 
of  points  on  the  pole-pi^ce  and  the  armature  respectively  (as  c-d^ 
in  the  plane  of  the  paper)  will  he  inversely  proportional  to  the 
distance^  between  them.  And  the  strength  of  the  magnetic  field 
at  the  surface  of  the  armature  at  any  point  (as  rf)  wiU  be  pro- 
portional to  the  snm  of  the  reciprocals  of  the  distances  of  the 
point  {d)fro7n  all  the poiitts  on  the  perimeter  of  the  pole-piece 
made  by  a  section^plane  parsing  through  the  point  {fit\  as  in 
Fig.  1. 

That  these  assumptions  represent  a  close  approximationto  the 
conditions  actually  existing  in  dynamo  machinery,  will  be  evi- 
dent when  it  is  remembered  that  in  any  dynamo  from  60  to  90 
per  cent,  of  the  m.  m.  f.  impressed  upon  the  magnetic  circuit  is 
expended  in  forcing  the  flux  across  the  air-gaps,  in  spite  of  the 
fact  that  these  air-gaps  are  seldom  as  much  as  one  per  cent,  of 
the  length  of  the  path  traversed  by  each  useful  line  of  force. 
The  drop  in  m.  m.  f.  is  therefore  from  600  to  2000  times  as 
great  per  unit  of  length  in  an  air-gap  proper  as  it  is  in  an 
iron  portion  of  the  circuit. 

The  curve  a  in  Fig.  1  represents  the  distribution  of  the  mag- 
netic flux  at  the  surface  of  the  armature  as  determined  by  the 
foregoing  method;  for  the  length  of  any  ordinate  {hr-d)  at  any 
point  (A)  on  this  curve  is  equal  to  ihe  sum  of  the  reciprocals  of 
the  distances  of  the  foot  of  the  ordinate  {d)  from  all  points 
{g  to  e)  indicated  on  the  pole-piece.  Tlie  curve  a  extends  inde- 
finitely to  right  and  left,  and  is  asymptotic  to  the  surface  of  the 

1.  In  measuring  these  distances  it  must  be  remembered  that  the  most  direct, 
path  in  air  must  be  taken,  as  {d-a-g)  Fig.  I,  not  {d-g)  direct. 
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aruiature.  Tbe  cnrre  in(]icale§  tliat  the  strength  of  the  magnetic 
ticid  does  not  diminuh  ah  repidly  m  iit  ueasllv  supposed  after  the 
liiuitrt  of  tbe  working  air-gap  proper  are  paued. 

Fig.  I  illastrate*)  the  field  strength  at  tbe  Bnrface  of  the  arma- 
ture when  but  one  pole  is  acting  upon  it.  Suppose  we  bring  up 
another  pole,  similar  in  every  respect  to  the  first,  except  that  it 
iit  of  opposite  polarity.  It  will  tend  to  set  np  the  tield  density 
at  tlie  surface  of  the  armature  that  ie  represented  by  curve  b  of 
Fig.  2;  but  since  this  magnetic  tield  is  opposed  to  that  of  .die 
j>ole  N.  a  field  will  result  that  is  equal  to  tbe  difference  of  the 
BUfierim]>o«ed  fields,  or  to  tbe  tield  strength  represented  by  the 
curve  c,  Fig.  'i.  As  a  result  of  the  subtraction,  the  flu.t  density 
is  shown  to  l>e  zero  at  any  [>oint  on  the  surface  of  the  armature 
that  is  midway  between  the  two  poles,  and  that  the  sign  of  the 


field  is  revei-sed  at  such  |H>int.  Jn  this  case  the  strength  of  tlie 
field  at  tlie  xiirface  of  tlf  armature  is  gi-eatest  at  the  center  of 
the  ])oles  and  diminishes  to  right  and  left.  The  reduction  in  the 
strength  of  the  tield  under  the  |>oie  i-orncrs  is  marked,  and  the 
form  of  tbe  fringing  field  is  clearly  outlined.  It  is  to  be  further 
remarked  that  tbe  contour  of  the  curve  r  of  Hiix  distribution 
changes  its  form  as  the  distance  l)etwecn  the  jioles  x  and  s  is 
varied. 

The  calculation  of  distribution  curves  i>iniilar  to  curve  a  iif 
Fig.  1  is  must  readily  effected  by  an  application  of  the  calculus, 
although  in  cases  where  tlie  contours  of  either  the  armature  or 
^H)le-piece  surfaces  are  very  irregular,  it  may  be  nece»«arv  to 
space  off  the  }H>le-piece  i>eriuieter  and  obtain  tbe  summation  of 
reciprocals  for  any  given  point  on  tbe  aruiature  by  first  calculat- 
ing each  one  separately. 
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A  simple  and  most  handy  formula  for  use  in  this  connection 
is  that  for  the  determination  of  the  summation  of  the  reciprocals 
of  lines  drawn  to  a  series  of  points  on  a  plane  surface.  Referring 
to  Fig.  1,  let  y^  denote  the  value  of  the  reciprocal  {d-e)  and  Cq 
the  value  of  the  distance  {d-o)  and  x^  that  of  the  distance  {(>-e)^ — 
then, — 

1 


^«  a/^  i 


'2 


Therefore  if  y  denotes  the  reciprocal  of  the  distance  of  any  point 
on  the  surface  (y,  «,  ?/?,  t')from  d;  x^   the  distance  of  any  point 
on  the  line  (o-e)  from  o  ;  2,  the  distance  of  any  point  on  the  line 
{n-(j')  from  n  ;  and  6*^  the  distance  {d-n\  then, — 


a?. 


e 


y  =■' 


d  X 


••Tin 


and,  since,  as  {a-(/')  =  {(i-g),  the  reciprocal  of  the  distance  {d-g') 
approximates  the  value  of  the  reciprocal  of  the  distance  {d-a-g)^ 
then, — 


^•^  y  =  /_/'  ^ 


and  the  value  of  the  ordinate  from  the  point  //,  or 

('' -  ^) = 5^'/ + 5;\y. 

•*  m  ^  III 

In  estimating  the  value  of  the  theoretical  case  that  has  just  been 
discussed  as  an  aid  in  the  practical  design  of  electrical  machinery, 
it  may  be  well  to  bring  out  the  points  of  difference  between  the 
assumed  and  the  actual  conditions.  In  the  first  place  the  dimen- 
sions of  the  pole-pieces  are  limited  vertically  and  laterally  as  well 
as  transversely,  and  therefore  although  the  assumed  condition  of 
field  strength  distribution  may  exist  in  a  plane  passing  through 
the  center  line  of  the  side  faces  of  the  poles,  it  does  not  follow 
that  these  conditions  will  in  any  wise  obtain  at  the  outside  edges 
of  the  poles.  Then  again  the  difference  of  potential  maintained 
between  the  armature  surface  and  the  poles  is  not  constant  for 
all  points  on  the  polar  surfaces.  It  is  only  constant  for  points 
below   the  uiagnet  windings,  while  the  difference  of  m.  m.  f. 


520  GOLDSBOIWUGII  ON  AIR-GAP  [June  80, 

between  points  on  the  yoke  (and  at  the  top  of  the  magnet  wind- 
ings) and  those  on  the  arnaature  is  zero.  In  passing  through  the 
winding  spools  therefore  the  m.  m.  f.  diminishes  from  a  maximum 
to  zero. 

As  will  be  shown  later,  the  limitation  of  the  dimensions  of  the 
poles  in  practice  does  not  seem  to  materially  affect  the  results 
when  the  outer  ends  of  the  armature  coils  do  not  cut  the  lines  of 
force  of  the  outside  or  end  fringe  of  the  lield,  and  where  they 
do,  the  strength  of  this  fringe  can  be  determined  by  applying 
the  construction  to  the  end  surfaces. 

The  matter  of  the  variation  in  the  m.  m.  f.  is  not  in  general  of 
great  conseijuence  owing  to  the  fact  that  the  distance  reciprocals 
of  points  on  the  |)ole6  that  are  near  the  yokes  are  very  small  as 
compared  with  those  of  points  on  the  working  air-gap.  It  is 
ordinarily  suiKcient,  therefore,  to  consider  the  potential  constant 
to  points  /utlf  icay  up  io  theji^Id  whulinffj  And  to  carry  the  sum- 
mation only  tQ  these  points.  With  this  thought  in  mind  the 
summation  of  reciprocals  was  only  carried  to  e  and  ff  in  deter- 
mining the  form  of  curve  a  of  Fig.  1.  In  special  cases  where 
on  account  of  modifications  peculiar  to  the  design  it  is  deemed 
wise  to  take  account  of  the  variations  in  the  m.  m.  f.,  it  is  only 
necessary  to  multiply  each  recipn^cal  by  a  number  that  is  pro- 
fx>rtional  to  the  m.  m.  f.  acting  on  the  path  from  which  it  is 
determined.  In  the  application  of  the  calculus  to  this  case  a 
s[>ei'ial  integration  is  necessary  for  the  polar  (x^ints  lying  withiu 
the  winding  spools. 

In  bringing  forward  experimental  results  to  show  in  how  far 

the  method  that  has  l>een  discussed  can  be  relied   upon,  I  will 

first  call  your  attention   to  the  data   that  is  given  by  Dr.  S.  P. 

Thompson  in  the  second  lecture  of  his  **  Electromagnet/'  which 

refer  to  the  determination  of  "  the  relation  of  leakage  to  pull  '* 

in  the  case  of   a  horse-sh«>e  electromao:net.     He   savs: — 

*^  The  amount  of  magnetism  that  gets  into  the  armature  does  not 
go  by  a  law  of  inverse  squares,  I  can  assure  you,  but  by  quite 
other  laws.  It  goes  by  laws  which  can  only  l>e  expressed  as  par- 
ticular cases  of  the  law  of  the  magnetic  circuit.  The  moet 
important  element  of  the  i*alculations,  indeed,  in  many  cases  is 
the  amount  of  pen^entage  of  leakage  that  must  W  allowed  for/* 

Dr.  Tlionn^m  then  gives  tlie  record  of  the  numl>er  i»f  lines  of 
force  entering  the  armature  when  the  latter  is  placed  at  succes- 
sive distant^es  from  the  |x»le- pieces. 

These  give  ratios  of  length* of  air-gap  to  width  of  pole- face  of 
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1/13,  2/13,  5/13  and  10/13,  and  for  this  series  of  air-gnpe,  sets 
of  readings  were  taken  with  exciting  carrente  of  .7,  1,7,  3.7  and 
5.7  amperea.  I  Lave  taken  the  data  and  multiplied  each  series 
by  a  constant  which  reduces  the  short  air-gap  reading  of  each  to 
the  same  numerical  valne,  and  have  plotted  these  resulte  in  Fig. 
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3 ;  each  series  is  marked  and  its  pointe  connected  hy  a  black  line. 
The  iuitial  or  shiirt  air-gap  density  of  the  first  series  is  only  ,2 
of  the  initlHl  density  of  the  last  series,  and  yet  the  cnrves  prac- 
tically coincide,  showing  that  for  any  given  position  of  the  arma' 
tnre  relative  to  the  poles,  the   strength  of  the  field  is  directly 
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proportional  to  the  impressed  m.  m.  f.  and  that  the  field  distribu- 
tion of  the  flux  remains  constant,  as  theory  requires. 

Now  supposing  the  armature  of  this  electromagnet  to  be  a 
plane  surface,  and  calculating  the  relative  amount  of  flux  that 
will  enter  the  armature  for  the  several  air-gaps,  by  the  method 
already  developed,  the  data  represented  by  the  upper  curve  of 
dots  were  obtained.  The  ordinates  of  these  points  are,  therefore, 
proportional  to  areas  enclosed  by  curves  like  curve  c  of  Fig.  2, 
determined  for  each  position  of  the  armature.     Supposing  the 


Fig.  4. 

armature  to  bo  of  horse-shoe  form,  the  data  obtained  gave  the 
lower  curve  of  dots.  The  result  for  the  armature  actually  used 
would  fall  between  these  two  curves  of  dots.  We  have  here 
evidence  to  show  that  a  careful  application  of  this  method  of 
reciprocal  summation  will  give  results  within  the  bounds  of 
experimental  accuracy. 

An  extended  series  of  experiments  carried  on  by  Messrs.  J.  L. 
Koe  and  S.  K.  Fox,  under  my  direction,  upon  alternating  and 
direct  current  electromagnets  confirm  the  above. 
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I  am  further  much  pleaded  that  the  opportunity  is  afforded 
me  of  calling  your  attention,  at  this  time,  to  a  set  of  especially 
clear  and  instructive  curves  recently  published'  from  tlie  I^ni- 

versity  of  Nebraska.  In  Fig.  4  I  have  reproduced  in  the  small 
circles  the  graphical  presentation  of  the  data  from  which  one  of 
these  was  plotted.  The  small  circles  represent  the  experimental 
exploration  of  the  flux  distribution  in  the  air-gap  of  an  Edison 
bipolar  dynamo.  The  curve  shown  by  the  black  line  in  Fig.  4 
is  the  calculated  curve  of  flux  distribution  for  this  machine  ob- 
tained by  the  method  of  reciprocal  summation.  It  agrees  closely 
with  the  experimental  work. 


Fig.  5. 


Tlie  dotted  curve  of  Fig.  4  outlines  the  flux  distribution  that 
is  usually  CLSsumed,  Its  ordinates  are  inversely  proportional  to 
the  length  of  the  air-gap  of  the  dynamo,  an«i  it  dei)art8  noticeably 
from  the  real  and  calculated  values  through  that  important 
space  represented jby  the  fringing  fleld. 

To  give  you  further  evidence  of  the  probable  accuracy  of 
results  calculated  on  this  basis  I  have  applied  the  method  to  the 


2.  *'  Armature  Hoactiuiis  in  a  Continuous  Current  Dynamo,"  by  C.  A.  Bcssey, 
The  Elertrieal  Engineer,  vol.  xxv  .  p.  511,  May  12,  18i>8. 
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determination  of  the  flux  distribution  in  the  air-gap  of  a  50-k.  w. 
bipolar  Jennej  dynamo.  The  design  of  tine  machine  is  such  as 
to  admit  of  a  considerable  range  of  adjustment  in  the  mean 

length  of  the  air-gap.  Under  normal  working  conditions  the  dou- 
ble air-gap  of  this  machine,  which  has  a  smooth  core  armature,  is 
1.25"  at  the  center  of  the  pole-faces,  and  1.52'  under  the  leading 
and  trailing  pole-tips.  The  diagram  of  Fig.  5  presents  the  con- 
ditions existing  with  this  arrangement.  Subtracting  curve  b 
from  curve  a,  curve  c  is  obtained,  and  represents  tlie  calculated 


Pig.  6. 


distribution  of  the  flux  in  the  air-gap.  The  dotted  curve  d  is 
plotted  by  taking  the  reciprocal  of  the  length  of  the  air-gap  at 
successive  points,  and  plotting  the  results  so  obtained  above  cor- 
responding air-gap  positions  on  the  diagram.  The  ordinates  of 
the  curve  d  are  therefore  proportional  to  the  armature  surface 
density  in  the  air-gap,  if  this  density  is  taken  as  inversely  propor- 
tional to  the  length  of  the  air-gap.  The  star-points  on  the  diagram 
represent  the  results  obtained  by  exploring  the  air-gap  field  by 
the  "pilot  brush  "  method.     As  the  star-points  follow  the  curve 
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o  much  more  nearly  than  they  do  the  curve  d,  it  seems  probable 
that  the  calculated  values  are  reasonably  accurate. 

Ill  Fig.  6  is  illustrated  the  result  of  imposing  another  set  of 
conditions  upon  the  same  machine.  The  curve  c  represents  the 
calculated  distribution  of  the  flux  in  the  air-gap  when  the  length 
of  the  double  air-gap  has  a  constant  length  equal  to  1.98^  at  all 
points.  The  dotted  curve  d  shows  what  the  relative  value  of  the 
flux  density  would  be  if  the  strength  of  the  air-gap  field  were 
invei-sely  proportional  to  the  length  of  the  air-gap.  Since  the 
ordi nates  of  the  c  curves  and  the  d  curves  of  Figs.  5  and  6  are 
respectively  proportional  to  the  quantities  they  represent  and  to 


Fig.  7. 

one  another,  they  can  be  compared,  and  to  facilitate  this  are 
plotted  together  in  Fig.  7.  It  is  noticeable  that  the  o  curve  of 
Fig.  6  represents  relatively  a  very  much  stronger  field  than  does 
tlio  D  curve.  In  fact  the  ratio  of  the  mean  ordinates  of  the  o. 
curves  of  Figs.  6  and  6  is  .899,  whereas  the  ratio  of  the  mean 
ordinates  of  the  d  curves  is  only  .699.  We  see  therefore  that  the 
rate  at  which  the  strength  of  the  air-gap  field  decreases  as  the 
length  of  the  air-gap  is  increased,  falls  far  short  of  being  inversely 
proportional  to  the  rate  of  increase  in  the  mean  length  of  the  air- 
gap,  supposing  that  the  c  curves  represent  the  true  condition. 

This  fact  is  also  brought  out  by  the  curves  of  Fig.  3,  which 
indicate  that  the  length  of  the  air-gap  had  to  be  increased  five- 
fold 1)efore  the  strength  of  the  field  was  reduced  one-half. 
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To  determine  how  nearly  the  calculated  results  agree  with  the 
actual  conditions  existing  in  the  case  of  the  Jenney  dynamo,  the 
magnetic  characteristics  of  the  machine  were  determined  both  for 
the  short  and  the  long  air-gap  adjustments ;  and  the  ratios  of 
ordinates  corresponding  to  like  field  currents  along  the  '^  straight" 
parts  of  these  curves  below  the  "  knee "  were  found  to  Tary 
between  .824  and  .864,  the  average  being  about  .835.  Although 
not  conclusive,  these  ratios  tend  to  substantiate  the  calculated 
results. 

Up  to  the  present  the  application  of  the  method  to  machines 
having  smooth  core  armatures  has  only  been  considered.  But  to 
be  of  value  it  should  apply  with  equal  force  to  all  types  of  ma- 
chines, and  in  fact  the  most  important  field  for  its  application  is 
to  modern  alternating  current  machinery  in  which  the  shapes 


Fio.  8. 

given  to  both  the  polar  and  armature  projections  are  very  varied 
in  character. 

The  computations  required  to  determine  the  flux  distribution 
where  the  armature  surface  is  slotted,  are  considerably  more  in- 
volved than  are  those  for  a  smooth  core  machine.  To  aceomplish 
a  result  that  will  be  of  value  in  determining  the  wave  forms  of  the 
R.  M.  F.  and  of  the  inductance  developed  in  the  armature  coils^ 
the  armature  must  be  placed  in  a  series  of  positions,  each  of 
which  presents  a  different  space  position  of  the  teeth  to  the  poles. 
The  complete  armature  surface  distribution  of  the  flux  must  then 
be  determined  for  each  position  of  the  armature  relative  to  the 
poles,  the  exact  perimeter  of  the  armature  teeth  being  followed 
in  each  case  and  the  measurements  being  taken  from  working 
drawings  of  the  machine.  When  this  has  been  accomplished  a 
sufficient  amount  of  information  will  have  been  obtained  to  admit 
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of  the  accarate  determiDation  of  the  rate  of  change  of  the  ilux 
through  any  coil  on  the  armature,  and  consequently  of  the  wave 
form  of  the  r.  m.  f.  developed  in  the  coil  as  rotation  takes  place. 
In  other  words,  the  data  will  be  sufficient  to  determine  the  no 
load  £.  M.  F.  waves  developed  in  the  armature,  provided  the  hys- 
teretic'  and  eddy  current  disturbances  in  the  armature  iron  are 
not  sufficiently  great  to  cause  a  lateral  displacement  of  the  wave. 
In  Fig.  8  is  shown  diagrammatically  a  section  through  the  poles 
and  armature  of  an  8-50-900-1150  two-phase  General  Electric 
alternator,  the  results  of  calculations  in  connection  with  which  I 


Pig.  9. 

wish  to  report  to  you  at  this  time.  Each  of  the  coils  on  the 
armature  of  this  machine  embraces  three  teeth  as  indicated  by 
the  single  coil  shown  in  Fig.  8  and  in  the  discussion  which  fol- 
lows, I  will  endeavor  to  show  with  what  success  the  wave  o£ 
E.  M.  F.  developed  in  these  coils  has  been  calculated. 

The  curve  o  of  Fig.  8  represents  what  the  flux  distribution  in 
the  air-gap  would  be  if  the  armature  core  were  smooth.  Its 
ordinates  are  therefore  proportional  to  magnetic  density  at  the 
upper  surface  of  the  teeth.     The  number  of  lines  of  force  enter 

3.  Armature  Inductance,  Transactions,  vol.  xiv.,  p.  292. 
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ing  the  sides  and  bottoms  of  the  slots  had  also  to  be  determined 
by  the  method  of  reciprocal  summation.  The  result  of  some  of 
this  work  is  shown  in  Fig.  9,  where  three  of  the  air-gap  distribu- 
tion curves  are  plotted  relatively  to  the  perimeter  of  the  armature 
developed  into  a  straight  line.  The  positions  of  the  top  of  the 
teeth  and  the  bottoms  of  the  slots  are  indicated  by  the  breaks  in 
the  line  through  the  center  of  each  curve.  The  curves  are  deter- 
mined for  positions  of  the  teeth  differing  by  one-third  of  the 
pitch  of  the  teeth,  and  the  gradual  change  in  the  distribution  and 
amount  of  the  flux  that  enters  a  tooth  as  it  passes  across  the  pole- 
face  can  be  traced  by  following  the  small  letters  a,  by  c,  d^  etc. 
The  areas  of  the  curves  of  Fig.  9  that  are  separated  off  by  the 
ordinates  are  proportional  to  the  total  number  of  lines  of  force 
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entering  the  upper  surfaces  of  the  teeth  and  the  lower  surfaces 
of  the  slots,  respectively.  In  other  words,  the  area  between 
ordinates  q  and  r  is  proportional  to  the  flux  entering  tooth  d  of 
Fig.  8,  within  the  surface  between  q  and  r  ;  and  the  area  between 
the  ordinates  r  and  s  is  proportional  to  the  flux  entering  the 
bottom  of  the  slot  e  between  the  limits  r  and  s.  The  ordinates 
to  the  curves  are  drawn  at  points  that  are  opposite  the  center  of 
coils  in  the  slots  and  represent  the  limit  of  the  useful  flux  enter- 
ing the  coil  in  the  slot  considered.  The  coil  shown  in  Fig.  8 
rests  in  slots  c  and  i,  and  therefore  when  the  coil  is  in  this  posi- 
tion the  total  area  between  the  ordinates  q  and  v  of  Fig.  9  must 
be  taken  to  be  proportional  to  the  total  flux  entering  the  coil 
when  it  is  in  this  position. 
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In  Fig.  lOisehown  the  curve  m,  which  is  the  magnetization 
curve  of  the  armature  coils  at  no  load,  i,  e.y  its  ordinates  are  pro- 
portional to  the  instantaneous  values  of  the  magnetism  within 
the  coils  as  they  pass  before  the  poles.  The  values  of  the  ordin- 
ates of  this  curve  were  obtained  from  the  distribution  curves 
shown  in  part  in  Fig.  9,  as  already  explained. 

Now  since  the  rate  of  change  in  the  amount  of  flux  within  the 
coils  is  proportional  to  the  b.  m.  f.  developed  in  the  coils,  the 
wave  of  B.  M.  F.  has  been  determined  directly  from  the  curve  m 
by  the  method  of  tangents,  and  is  shown  by  the  broken  line  and 
stars  of  the  curve  e.  The  curve  e,  which  is  quite  an  irregular 
curve,  is  therefore  and  finally,  the  calculated  curve  of  electro- 
motive force  developed  by  this  alternator. 

The  points  represented  in  Fig.  10  by  small  circles  trace  the 
wave  of  £.  M.  F.  actually  developed  by  this  alternator  as  deter- 
mined experimentally  by  the  rotary  contact  method. 

The  method  of  calculating  fleld  densities  which  has  been  out- 
lined can,  I  believe,  be  made  to  play  an  important  part  in  con- 
nection with  the  design  of  electrical  machinery.  It  has  been 
used  by  myself  and  my  students  with  success  within  the  last  two 
years,  in  connection  with  problems  involving  the  calculation  of 
leakage  coefficients,  the  regulation  of  large  direct  current  units 
under  conditions  t)f  load,  the  determination  of  the  inductance  of 
the  coils  on  the  armatures  of  direct  and  alternating  current  ma- 
chines, and  the  complete  regulation  of  alternators  and  motors  in 
so  far  as  it  is  affected  by  disturbances  in  the  magnetic  field  due 
to  rotating  masses  of  iron  or  reactive  currents  in  the  coils.  To 
touch  upon  these  points  in  detail  would  make  my  present  paper 
too  lengthy  for  this  occasion,  but  I  hope  to  be  able,  at  a  future 
meeting,  to  call  your  attention  to  some  of  the  more  important 
problems  that  have  been  treated. 

Purdiio  University,  Lafayette,  Ind.,  June,  1898. 
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(COMMUNICATKD    BY    THE    AuTHOR   AFTER   ADJOURNMENT.) 

The  importance  has  been  emphasized  of  making  due 
allowance  lor  the  fact  that  the  m.  m.  f.  between  a  point 
(«?,  Fig.  1)  on  the  armature  surface  and  a  point  on  the  polar  sur- 
face (between  c  and  e)  within  the  field  coil  spools  rapidly  dimin- 
ishes as  the  latter  point  is  taken  nearer  and  nearer  the  yoke,  it 
may  be  well  to  add  the  formula  that  applies  especially  to  the  re^ 
ciprocal  summation  of  the  points  within  the  field  coils. 

If  the  M.  M.  F.  impressea  upon  the  magnetic  circuit  of  Fig.  1, 
were  })roduced  by  an  energized  coil  occupying  the  space  between 
the  points  e  and  e,  the  potential  between  polar  surface  points  be- 
low c  and  points  on  the  armature  surface  would  be  uniform  and 
equal  to  the  maximum  magnetizing  power  of  the  coil.  The  po- 
tential between  points  above  e  and  points  on  the  armature  would 
be  zero,  and  the  potential  of  points  between  c  and  e  and  the  ar- 
mature would  gradually  diminish  from  the  maximum  value  to 
zero  as  the  points  were  tjxken  more  and  more  remote  from  c. 
Under  these  conditions,  the  eflfect  of  the  reciprocal  of  (?/i  —  d) 
or  (e  —  d)  At  d  is  proportional  to  its  full  value  ;  the  effect,  how- 
ever, of  the  reciprocal  of  (p  —  d)  at  d  is  only  proportional  to 
half  its  full  value,  while  the  effect  of  the  reciprocal  of  {e  —  d)  is 
zero. 

Therefore,  the  effect  of  the  surface  (c  —  m)  at  the  point  d  is 
proportional  to 


X 


Xm 


Xm 

while  the  effect  of  the  surface  (c  —  e)  at  d  is  proportional  to 


d  X 


^c  *    \'c^  +  a^ 


=  x;^}^  \j''  '""^  ^^'  ^  ^^o  +  ^)  -  ^'^o  +  *'][ 


where  x^  denotes  the  distance  {o  —  c)  and  ./•«  the  distance  {o  —  e). 
And  the  total  effect  of  the  surface  (r/?  —  e)  at  d  is  proportional 
to— 


•'in  **c 


evaluated  as  above. 


A  /«/rr  /rtstnted  at  the  tjtk  General  Meeting 
ef  the  A  werican  Institute  of  Electrical  En- 
gineers y  Omaha^  June  jotky  iSt)S.  President 
Kennelly  in  the  Chair. 


IIKiir-VOLTAGE  POWER  TRAXSMISSIUN. 


BY    C'HAS.    F.    SCOTT. 


Several  years  ago  an  investigation  of  the  conditions  and 
requirements  incident  to  the  use  of  high  voltages  was  under- 
taken by  the  Engineering  Department  of  the  Westinghonse 
Electric  and  Manufacturing  Company.  In  this  experimental 
investigation  the  size  of  the  apparatus  and  the  conditions  of  the 
tests  were  as  far  as  practicable  snch  as  would  prevail  in  actual 
work. 

The  transformer,  the  >fine  qua  non  of  high-voltage  working, 
received  first  consideration.  A  design  suitable  for  large  sizes 
was  worked  out  and  tested ;  then  higli-voltage  windings  were 
made.      Attention    was    next    directed   to   the   line    insulator. 

New  phenomena  were  liable  to  be  presented  at  higher  voltages 
and  it  was  necessary  to  determine  what  they  were,  also  how  to 
meet  the  requirements  which  they  impose.  New  forms  and 
sizes  of  insulators  were  designed,  made  and  tested  to  determine 
the  losses  which  would  occur  and  the  limit  at  which  they  would 
break  down. 

The  luminosity  and  the  hissing  sound  emitted  by  the  con- 
necting wires  of  high  voltage,  suggested  a  loss  which  might  be 
an  appreciable  addition  to  that  over  the  surface  of  the  insulators. 
It  was  found  that  a  very  considerable  loss  of  energy  took  place 
between  the  wires— a  lotJH  which  at  high  voltages  was  much  in 
excess  of  that  across  tlie  surface  of  the  insulators. 

Mr.  L.  L.  Nnnn  visited  Pittsburg  at  this  time  and  became 
much  interested  in  this  work.  He  wai^  a  pioneer  in  power  trans- 
mission, having  pnt  in  the  first  large  alternating  current  trans- 
mission plant  in  this  country,  namely,  that  at  Telluride,  Colorado, 
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which  was  designed  by  the  writer  and  described  by  him*   at  the 

General   Meeting  of  this   Institutk  in  1 892.     It  was  proposed 

that   this   work   be   taken    up  conjointly  by  the  Westinghouse 

company   and   Mr.   Nunn,  and  prosecuted  on  a  much  enlarged 

scale,  by  operating  the  original  motor  over  a  high-voltage   line. 

In  a  report  to  the  Vice  President  and  General   Manager  of  the 

electric  company,  dated  April  2nd,  1895,  the  writer  said,  "The 
transformers  would  be  arranged  to  give  a  line  pressure  of  10,000, 
which   is   to   be   increased    by   suitable  steps  to  possibly  50,000 

volts I  regard  this  as  an  excellent  opportunity  to  make 

A  thorough  and  extremely  important  and  valuable  test  of  high- 
tension  working  under  difficult  practical  conditions,  which  our 
company   should   take   up  and   carry  out  as  fully  as  possible." 

Raising  and  lowering  transformers  were  made  and  sent  to 
Telluride,  and  power  for  the  100  h.  p.  synchronous  motor  was 
transmitted  at  voltages  far  exceeding  any  which  had  been 
previously  used  anywhere.  Exceptional  facilities  were  afforded 
for  observing  the  practical  operation  of  high-tension  working 
under  severe  climatic  conditions,  and  for  making  measurements. 
The  results  of  the  work  were  so  assuring  that  the  Telluride 
Power  Transmission  Company  has  lately  installed  a  plant  which 
is  in  commercial  operation  at  40,000  volts  and  is  now  making  an 
increase  in  the  plant.  This  work  has  been  continued  on  experi- 
mental circuits  at  East  Pittsburg,  and  some  measurements  have 
been  made  at  Niagara. 

The  work  which  has  just  been  briefly  described  was  an 
investigation  into  an  unknown  field.  It  has  been  progressively 
and  systematically  carried  out  and  it  has  determined  results 
which  were  unforeseen,  and  which  are  of  both  theoretical  interest 
and  practical  importance. 

This  present  paper  describes  the  more  interesting  and  im- 
portant parts  of  this  work,  and  gives  the  methods  by  which 
measurements  have  been  made  and  the  results  which  have  been 
reached.  A  number  of  points  of  interest  and  importance  are 
given  with  regard  to^  long-distance  transmission  plants  now  in 
operation. 

IIioh-Tension  Transformers. 

In  1891  the  Westinghouse  company  furnished  transformers 
for  the  10,000-volt  transmission  to  San  Bernardino  and  Pomona. 
Twenty  transformers  were  used  in  a  set,  each  giving  a  pressure 

1.  Transactions,  vol.  ix,  p.  425. 
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of  500  volts  and  the  twenty  in  series  10,(M>0  volts.  This  arrange- 
ment made  the  insulation  within  the  individual  coils  a  matter  of 
comparative  ease.  The  insulation  between  the  coils  of  the  high- 
tension  circuit  and  other  parts  of  the  transformer  was  secured  by 
allowing  a  space,  which  was  filled  with  oil. 

The  iirst  arrangement  of  transformers  for  giving  from  30,000 
to  50,000  volts  w-as  made  by  using  a  number  of  transformers, 
each  giving  10,000  or  15,000  volt«.  The  low-tension  circuits  of 
the  several  transformers  received  current  from  an  insulating 
transformer  in  which  there  were  a  number  of  separate  coils,  each 
one  supplying  a  separate  raising  transformer.  An  arrangement 
of  this  kind  was  used  for  obtaining  the  high  voltages  in  the 
exhibit  of  the  Westinghouse  company  at  the  World's  Fair. 
A  large  transformer  was  designed  in  January  1894.  The  output 
of  200  K.  w.,  was  many  times  greater  than  that  of  any  trans- 
formers which  had  been  made  by  the  Westinghouse  company. 
The  transformer  was  oil-insulated  and  was  cooled  bv  water  flow- 
ing  through  a  pipe  immersed  in  the  oil.  This  transformer  was 
pronounced  a  success,  and  the  type  was  adopted  and  has  been 
followed  ever  since  as  a  standard,  except  that  the  water-cooling 
is  employed  only  on  the  largest  sizes. 

Tlie  transformer  was  then  rewound  for  40,000  volte,  and  a 
somewhat  reduced  output.  It  was  operated  at  this  voltage  for  a 
short  time,  when  it  was  found  that  through  an  oversight,  the 
insulation  between  layers  was  insufficient.  In  October  the  high- 
tension  coils  were  rewound  for  <)0,000  volts  and  the  transformer 
is  still  in  use  after  many  months  of  varied  service  and  a  con- 
siderable period  of  inactivity. 

The  making  of  a  single  large  transformer  for  a  very  high  volt- 
age naturally  involved  new  difficulties.  Above  10,000  or  20,000 
volts  there  was  an  unexplored  and  uncertain  field  in  the  matter 
of  insulation.  Materials  which  were  commonly  used  at  ordinary 
voltages  might  have  very  different  characteristics  under  the  new 
conditions.  Tests  were  made  on  materials  before  the  first  high- 
voltage  transformers  were  made,  and  it  has  been  continued. 
The  large  high-tension  transformer  as  made  to-day  was  not 
designed  in  a  week  or  a  month,  but  it  has  been  an  evolution 
based  upon  experimental  tests  and  experience  in  continued 
operation. 
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Higii-Tension  Insulators. 

After  a  high-voltage  transformer  was  constructed,  the  insulator 
naturally  presented  itself  as  a  fundamental  factor  in  transmis- 
sion.  The  requisites  of  an  insulator  for  high-voltage  vrork  are, 
that  it  shall  have  a  dielectric  strength  sufficient  to  prevent  the 
eurrent  passing  directly  through  the  material,  that  its  dimensions 
shall  be  large  enough  to  prevent  the  passage  of  current  over  the 
outside  of  the  insulator  to  its  support,  and  that  the  resistance, 
both  of  the  material  and  its  surface,  shall  be  sufficiently  high  to 
prevent  undue  loss  of  energy.  In  addition  to  these  fundamental 
electrical  requirements  are  those  of  a  mechanical  nature  involv- 
ing strength  and  convenience.  These  properties  must  of  course 
be  permanent,  and  not  liable  to  deterioration  while  in  service. 

Up  to  this  time  very  little  attention  had  been  given  to  the 
manufacture  and  design  of  high-tension  insulators.  There  were 
available  for  our  laboratory  tests  the  glass  insulators  which  we 
had  designed  for  tlie  10,000- volt  transmission  line  at  San  Bern- 
ardino and  Pomona,  California.  (See  paj)er  of  Mr.  G.  H.  Wins- 
low'  before  the  General  Meeting  of  the  Institute  in  1895). 

A  much  larger  glass  insulator  was  made  having  the  so-called 
"helmet"  form,  which  was  probably  the  beginning  of  a  type 
which  is  now  quite  common.  The  large  glass  insulator  pre- 
sented mechanical  difficulties  in  manufacture,  and  recourse  was 
had  to  porcelain.  An  insulator  was  designed  to  be  under-hung, 
the  top  of  the  insulator  being  supported  in  an  inverted  cup  which 
was  to  be  bolted  to  the  under  side  of  the  cross-arm.  From  the 
bottom  of  the  insulator  a  pin  extended  which  was  anchored  in  a 
hole  in  the  insulator  and  held  the  wire  several  inches  below  the 
porcelain.  The  object  was  to  place  the  wire  below  the  cross- 
arm  so  that  the  snow  which  might  pile  up  on  the  cross-arm  would 
not  come  near  the  insulator.  The  wire,  moreover,  instead  of 
being  supported  upon  the  top  of  the  insulator,  where  it  is  in  con- 
nection with  an  extended  wet  surface,  would  be  supported  from 
the  part  of  the  insulator  which  is  most  protected  and  the  dryest. 

An  interesting  evolution  then  began  to  take  place  in  the  manu- 
facture of  porcelain.  There  were  eight  or  ten  steps  in  this  his- 
tory, in  whicli  insulators  which  were  presumed  by  the  manufac- 
turer to  be  satisfactory  were  broken  down  on  high-voltage  test. 
Porcelain  which  presented  a  beautiful  smooth  glazed  surface  was 

2.  Transactions  vol.  xii  p.  405. 
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often  found  to  contain  internal  cracks  or  cavities  which  were 
soon  traversed  by  the  current.  In  other  cases  bits  of  pebbles  or 
other  impurities  were  found.  In  still  other  cases  the  porcelain 
was  not  homogeneous  and  was  not  compact,  or  the  material  was 
porous  and  absorbed  a  drop  of  ink  almost  as  readily  as  a  lump  of 
sugar  would  do.  The  effect  of  this  work  is  seen  in  the  improved 
quality  of  material  now  made  by  certain  porcelain  manufacturers 
who  benefited  by  this  ex]>erience.  It  may  also  be  remarked 
that  some  of  the  unpleasant  experiences  with  porcelain  insulators 
might  have  been  prevented  if  similar  preliminary  tests  had  been 
made  instead  of  employing  the  more  expensive  and  inconvenient 
method  of  testing  them  in  commercial  service. 

The  under-hung  form  of  porcelain  insulator,  however,  did  not 
prove  successful  nor  satisfactory.  The  insulator  was  heavy  and 
cumbereome,  and  no  satisfactorv  method  was  devised  for  hold- 
ing  the  wire.  A  wooden  pin  lacks  strength,  and  a  metal  pin  re- 
duces insulation.  Moreover,  smaller  insulators  of  the  ordinary 
form  were  found  suitable  for  higher  pressures  than  was  antici- 
pated. 

Some  measurements  were  made  of  the  losses  on  the  Pomona 
insulators.  Twenty-four  insulators  were  mounted  on  wooden 
pins.  A  wire  was  run  along  the  tops  of  the  insulators  and  a 
second  wire  connected  the  pins.  The  increase  produced  in  the 
reading  of  a  wattmeter  in  the  primary  of  the  raising  transformer 
when  the  wires  were  connected  to  the  high-voltage  terminals, 
was  taken  as  the  loss  on  the  insulators.  The  loss  at  25,000  volts 
was  about  two  watts  per  insulator.  This  voltage  between  pin 
and  wire  corresponds  to  50,000  volts  between  transmission  wires. 

LossKs  Between  Wires. 

The  loss  over  the  surface  of  insulators  was  quite  small,  in  fact 
almost  insignificant  compared  with  the  amount  of  power  which 
would  ordinarily  be  transmitted.  The  various  displays  of  energy 
about  high-tension  wires,  led  us  to  investigate  and  determine 
whether  this  loss  was  one  of  importance.  In  order  to  measure 
the  lo88  between  wires,  eliminating  what  occurs  on  the  insulators, 
it  was  desirable  to  have  a  considerable  length  of  wire,  to  support 
it  without  insulators,  and  preferably  to  arrange  the  wires  in  such 
a  form  as  to  give  a  considerable  loss.  Nine  wires  each  60  feet 
long  were  stretched  V  apart  in  a  horizontal  plane,  and  were  held 
in  place  by  strings  several  feet  in  length  at  each  end.     The  wires 
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were  No.  19  b  and  s  gauge,  0.036''  in  diameter.  They  could  be 
connected  in  various  ways,  and  any  pair  or  pairs  of  wires  could 
be  omitted  as  desired. 

The  power  supplied  to  the  raising  transformer  was  measured 
by  a  wattmeter  placed  in  the  primary  low- tension  circuit.  When 
the  load  was  placed  on  the  transformer,  the  wattmeter  reading  in- 
creased, and  the  amount  of  increase  was  taken  as  the  power  de- 
livered to  the  load.  This  method  involves  certain  errors  which 
will  be  pointed  out  further  on,  but  on  the  whole  it  gives  an  ap- 
proximate and  fairly  correct  indication  of  the  power,  and  is  suf- 
ficient to  show  clearly  the  general  form  of  the  loss  curves  and  a 
number  of  interesting  characteristics. 

The  first  measurements  of  this  loss  are  recorded  Feb.  26, 1895. 
The  1st,  3rd,  5th,  7tli  and  9th  wires  were  connected  in  multiple 
to  one  terminal,  and  the  other  wires  were  connected  to  the 
second  terminal  of  the  raising  transformer ;  successively  increas- 
ing voltages  were  applied. 

The  wires  began  to  give  a  hissing  or  crackling  sound  and  in 
the  dark  began  to  appear  luminous  at  a  little  below  20,000  volts. 
As  the  voltage  was  increased  the  sound  became  more  and  more 
intense,  the  wires  vibrated  and  became  more  and  more  luminous, 
until  at  the  higher  voltages  they  were  surrounded  by  a  coating 
of  soft  blue  light  many  times  the  diameter  of  the  wire.  Often 
there  were  bright  points  along  the  wire,  probably  corresponding 
to  bits  of  dust  or  rough  places  resembling  points  on  the  wire. 
The  large  room  soon  became  strongly  charged  with  ozone. 

Kesults  of  measurements  on  all  wires,  alternate  wires  being 
connected  together  to  one  terminal,  and  the  intermediate  wires  to 
the  other  terminal  of  the  raising  transformer,  are  given  in  the 
accompanying  Fig.  1.  Three  curves  are  given  for  a  frequency 
of  60  periods  per  second,  or  7200  alternations  per  minute.  Two 
of  these  curves  give  the  wattmeter  readings  for  the  different 
voltages,  one  for  the  transformer  alone,  and  the  other  for  the 
transformer  and  high-tension  wires ;  the  third  curve  gives  the 
diflference  between  the  two,  and  therefore  represents  approxi- 
mately the  loss  on  the  high-tension  wires.  Corresponding  curves 
are  given  of  tests  made  at  a  frequency  of  133.  The  loss  in  the 
transformer  is  less  at  the  higher  frequency,  but  the  loss  on  the 
high-tension  wires  is  almost  the  sa^ne  for  both  frequencies. 
These  losses  are  very  small  below    18,000  volts,  but  increase 
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rapidly  up  to  30,000  volts,  which  is  about  the  highest  pressure 
used. 

As  the  two  sets  of  tests  were  made  with  dynamos  having  dif- 
ferent characteristics,  they  may  not  accurately  represent  the 
relative  effects  of  the  frequencies.  The  difference  due  to  causes 
other  than  the  frequency  are,  however,  jirobably  small,  so  that 
these  tests  are  correct  in  showing  the  general  relation  between 
the  loss  and  the  pressure,  and  in  indicating  that  the  loss  depends 
little  if  at  all  upon  the  frequency. 

Tests  were  made  with  different  numbers  of  wires.  In  one 
case  the  measurements  were  made  with  the  arrangement  de- 
scribed above,  in  which  live  wires  were  connected  together  and 
the  four  intermediate  wires  were  connected  to  the  second  termi- 
nal of  the  raising  transformer.  Two  wires  at  one  eud  were  then 
left  off.  Two  of  these  were  next  omitted,  leaving  three  con- 
nected to  one  terminal  and  two  to  the  other.  One  of  these  was 
left  off,  leaving  the  1st  and  3rd  wires  connected  together,  and 
the  2nd  and  4th  also.  The  1st  and  9th  wires  were  then  con- 
nected together,  also  the  2nd  and  8th.  As  the  1st  and  2nd  wires 
were  well  separated  from  the  8th  and  9th,  the  mutual  effect  be- 
tween them  is  negligible,  so  that  the  loss  in  this  case  may  be  con- 
sidered as  double  that  which  would  be  obtained  from  the  Ist  and 
2nd  wires  alone.  The  results  of  this  measurement  are  plotted 
in  Fig.  ti.  The  points  for  both  loss  and  current  fall  on  a  straight 
line  and  indicate  that  each  additional  wire  causes  a  definite  in- 
crease. 

Measurements  made  upon  wires  at  greater  distances  show  that 
the  action  is  considerably  less  as  the  wires  are  separated.  The 
loss  is  approximately  the  same  at  28,000  volts  when  the  wires 
are  V  apart  that  it  is  at  36,000  volts  when  they  are  !&"  apart. 
The  loss  for  a  distance  of  8^^  is  intermediate. 

Other  measurements  were  made,  but  nothing  of  further  im- 
portance was  developed.  It  is  interesting  to  note  that  within  a 
few  days  of  the  iirst  measurements  the  general  characteristics  of 
this  loss  were  determined,  namely,  that  the  loss  between  wires 
increases  rapidly  after  a  critical  voltage  is  reached,  that  the  loss 
is  practically  independent  of  the  frequency,  that  it  is  much  less 
as  the  distance  between  wires  is  increased.  When  a  loss  of  1200 
watts  was  obtained  on  a  total  length  of  540  feet  of  wire  at  only 
30,000  volts,  the  important  bearing  of  this  phenomenon  upon 
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transmission  became  very  evident.  The  teste  were  stopped  at 
preparations  were  begun  for  the  continuation  of  the  work  at 
Teiluride. 

Transformers  At  Tklluride. 

The  original  Teiluride  plants  operated  at  8000  volts.  Botli 
the  generator  and  the  synchronous  motor  were  wound  for  this 
pressure.  Two  transformers  were  furnished  for  the  high-voltage 
tests,  one  for  raising  the  generator  voltage  for  transmission,  and 
the  other  for  lowering  the  voltage  for  the  motor.  The  windings 
were  connected  with  a  number  of  terminals  by  which  the  high- 
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tension  voltage  could  be  varied  over  a  wide  range  up  to  60,000 
volts. 

Coils  of  similar  shape  were  placed  side  by  side  in  what  is 
known  as  the  ''parallel"  form  of  construction.  Each  coil  had 
many  layers  of  wire  and  but  few  turns  per  layer,  thus  securing  a 
small  difference  of  pressure  between  consecutive  layers.  The 
high-tension  winding  was  divided  into  four  similar  coils,  each  de- 
signed to  give  a  maximum  of  15,000  volts.  The  individual  coils 
could  be  differently  connected,  either  in  series  or  in  multiple. 
Tlie  low-tension  coils  were  five  in  number  and  were  provided 
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with  loops,  by  which  the  number  of  eflfeetive  turns  could  be 
varied.  Three  low-teneion  coils  were  placed  between  two  pairs 
of  high-tension  coils  and  the  two  remaining  low-tension  coils 
were  placed  on  the  two  ends.  Between  the  low-tension  and  high- 
tension  coils  metallic  shields  were  placed,  which  were  connected 
to  the  ground  for  protecting  the  low-tension  circuit  from  danger 
in  case  of  accidental  contact  with  the  high-tension  circuit,  and 
also  for  screening  the  low-tension  circuit  from  electrostatic  in- 
duction from  the  high-tension  windings.  The  transformer  was 
immersed  in  a  case  containing  oil.  The  iron  and  the  case  of  the 
transformer  as  well  as  the  shields  between  the  coils  were  con- 
nected to  the  ground. 

There  was  also  an  auxiliary  transformer  whose  primary  was 
connected  across  the  generator  terminals  while  its  secondary  was 
placed  in  series  with  the  circuit  to  the  raising  transformer,  thus 
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Fig  8. 

either  raising  or  lowering  the  generator  k.  m.  f.  as  desired.  The 
secondary  had  a  number  of  steps  so  that  the  voltage  could  be 
varied  at  will. 

The  Transmission  Link.. 

The  line  extends  from  the  power  station  near  Ames,  which  is 
a  few  miles  from  Telluride,  Colorado,  to  the  Gold  King  mill. 
The  line  passes  over  an  exceedingly  rugged  country  and  has  a 
total  length  of  nearly  2i  miles  (1 1,720  feet).  There  are  62  poles, 
each  carrying  three  cross-arms,  the  upper  being  about  26  feet 
from  the  ground.  Each  cross-arm  carries  two  wires  supported 
by  insulators  which  are  designated  as  follows : — Large  glass, 
small  glass,  porcelain.  (See  Figs.  4  and  5).  The  large  glass  in- 
sulator is  the  same  as  that  used  on  the  circuit  in  the  San  Bern- 
ardino and  Pomona  plant.  The  total  height  is  h"  and  the  maxi- 
mum diameter  h^" .     The  bottom  of  the  insulator  stands  \Y 
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above  the  cross-arm.  Tlie  porcelain  insulator  is  i^'^  high  and 
51"  in  diameter.  The  bottom  is  3^^^^  above  the  cross-arm.  The 
small  glass  insulator  is  3^"  in  height,  4^"  in  diameter  and  stands 
2Y  above  the  cross-arm.  This  insulator  is  triple  petticoat ;  the 
other  two  insulators  are  double  petticoat.  The  circuits  were 
strung  with  galvanized  iron  wire  0.165'  in  diameter,  which  is 
No.  S  B.  w.  G.,  and  about  No.  6  b  and  s  gauge.  Later  the  circuit 
on  porcelain  insulators  was  changed  to  No.  6  b  and  s  copper  wire 
0.162"  in  diameter.  The  measured  resistance  of  one  of  the  iron 
wire  circuits  was  66.25  ohms  at  — 7  deg.  C. 

The  Lightning  Pkotkction. 

The  lightning  protection  was  laid  out  by  Mr.  A.  J.  Wurts, 
who  previous  to  this  time  had  spent  some  months  at  Telluride, 
determining  the  requirements  for  protecting  the  3000- volt  circuit. 
The  protection  consists  of  choke-coils  and  spark-gaps  of  non-arc- 
ing metal,  as  described  by  Mr.  Wurts  in  his  paper*  before  the 
Institute,  March,  1892. 

In  each  line  ten  choke-coils  were  placed.  Unit  arresters,  each 
consisting  of  seven  non-arcing  metal  cylinders  and  having  six 
spark-gaps,  were  connected  as  is  shown  in  Fig.  3. 

Running  Tests  at  Telluride. 

The  first  tests  were  qualitative  rather  than  quantitative.  It 
was  uncertain  what  phenomena  might  accompany  tlie  operation 
of  a  long  line  at  high  voltage,  and  the  pressure  which  could  be 
used  on  the  insulators  was  a  matter  to  be  determined.  The  first 
thing  was  to  find  what  would  work ;  measurements  could  be  . 
made  afterwards.  A  high  voltage  was  placed  on  the  transmis- 
sion line,  sometimes  transmitting  no  power  and  at  other  times 
operating  the  100  h.  p.  synchronous  motor.  In  December  1895, 
the  motor  was  operated  at  25,000  to  33,000  volta  for  several 
days,  in  January  1896,  45,000  volts  was  used  continuously  for 
over  a  week,  and  beginning  with  the  latter  part  of  March  a  con- 
tinuous run  of  37  days  was  made  at  50,000  volts.  "  Some  very 
severe  conditions  of  weather  were  encountered  during  this  time, 
very  high  gales  of  wind  prevailed,  the  air  was  filled  with  clouds 
of  dust,  part  of  the  time  the  snow  which  fell  was  quite  damp 
and  during  the  last  few  days  of  the  run  there  was  some  rain.  At 
this  voltage  the  wires  were  plainly  visible  at  night  and  the 
characteristic   hissing  of  high-tension  currents  could  be  heard 

8  Transactions,  vol  ix,  p.  102. 
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several  hnudred  feet.  Xo  lightning  arresters  had  been  installed 
up  to  this  time  and  the  cause  of  the  shut-down  was  damage  to 
the  raising  transformer,  caused  by  lightning.  Lightning  arresters 
were  installed.  The  lightning  season  commenced  about  June 
1st.  During  the  latter  part  of  June  lightning  discharges  over 
the  arresters  were  very  frequent.  At  this  time  we  were  limited 
to  a  running  voltage  of  about  34,000  volts,  as  there  were  not 
enough  arresters  to  permit  of  increasing  the  voltage.  No  trouble 
whatever  was  had  with  the  lightning  protection.  Discharges 
were  frequently  seen  crossing  the  arresters  and  during  two  or 
three  days  in  the  early  part  of  the  season  discharges  occurred  at 
intervals  of  a  few  seconds  for  several  hours.  Enough  arresters 
were  afterwards  obtained  to  run  at  45,000  volts,  but  the  lightning 
discharges  were  much  less  frequent." 

Some  measurements  upon  the  line  were  made  by  determining 
the  power  to  the  raising  transformers  when  the  lines  were  con- 
nected and  when  thev  were  disconnected.  These  measurements 
showed  that  the  loss  due  to  the  line  is  small,  below  45,000  volts, 
but  increases  rapidly  when  about  50,000  volts  is  exceeded,  and 
reached  1().4  k.  w\  at  5i),00()  volts.  The  results  up  to  52,000 
volts  are  given  in  curve  2,  Fig.  9.  Curve  1  in  this  figure  is  the 
loss  on  the  same  circuit  measured  a  year  later  by  a  different  ob- 
server using  a  different  method.  At  the  maximum  loss  shown, 
there  is  a  difference  of  only  8  or  9  per  cent,  in  e.  m.  f.  for  the 
same  loss  on  the  two  curves. 

The  record  of  the  operation  of  this  line  at  50,000  volts  for 
over  a  month  is  of  very  great  interest,  as  it  is  a  practical  demon- 
stration of  the  feasibility  of  operating  a  line  at  50,000  volts,  a 
pressure  four  or  five  times  as  great  as  any  which  had  been  in 
general  coiinnercial  use.  Mr.  V.  (t.  Converse  had  been  up  to 
this  time  closely  associated  with  this  work.  He  had  much  to  do 
with  the  design  and  construction  of  the  high-tension  transformers 
and  insulators,  tests  upon  losses  in  lines  made  at  the  Pittsburg 
lahoratorv  and  the  tests  at  Telluride. 

Mkasitkkments  at  Tellukide. 

The  work  at  Telluride  was  then  taken  up  by  Mr.  R.  D. 
Mershon.  The  facilities  for  experimental  wor^;  were  increased 
and  instruments  were  provided  for  carrying  on  the  tests.  Mr. 
Mershon  found  peculiar  difficulties  in  making  exact  measure- 
ments of  the  power  to  the  circuit.  A  wattmeter  in  the  low- 
tension  circuit  of  the  raising  transformer  led  to  errors  under  the 
conditions  which  prevailed.     Some   very  able  and  painstaking 


544  aCOTT  ON  HIOU-  VOLTA GE  [June  80, 

work  was  displayed  in  detecting  the  error  and  overcoming  it  with 
the  facilities  at  hand — and  tlie  facilities  were  none  too  plenty  in 
the  heart  of  the  Rocky  Mountains  for  making  measurements 
which  would  tax  the  resources  of  almost  any  laboratory.  The 
apparatus  used  introduced  a  disturbing  influence  in  the  circuit, 
which,  however,  could  be  measured  and  eliminated.  On  the 
other  hand,  a  wattmeter  for  measuring  power  on  a  high-tension 
circuit  must  accommodate  a  very  high  voltage  and  a  very  small 
current.  As  the  charging  current  to  an  open  line  is  usually  very 
large  in  proportion  to  the  loss  current,  tlie  error  of  the  instru- 
ment is  very  sensitive  to  slight  variations  of  phase  in  the  shunt 
current.  A  description  of  the  instruments  and  the  methods  used 
are  given  in  an  extract  from  the  report  of  Mr.  Mershon  which 
will  be  found  at  the  end  of  this  paper  in  Appendix  A.  The 
results  of  the  measurements  and  the  conclusions  are  given  partly 
by  extracts  from  Mr.  Mershon's  report,  and  partly  in  abstract. 

Rksdlts  of  Mkasdrements. 

*'  The  results  of  measurements  taken  are  embodied  in  curves. 

"  In  every  case  the  measurements  were  taken  upon  an  open- 
circuited  line — in  no  ease  upon  a  line  which  was  transmitting 
power.  The  line  losses  obtamed  are  therefore  a  combination  of 
those  occurring  between  the  line  wires  and  the  very  small  /^  li 
loss  in  the  wire  itself  due  to  the  charging  current  of  the  line. 

*'  Measurements  taken  with  the  Weston  wattmeter  include  the 
loss  in  the  high-tension  coil  of  the  power  transformer  due  to  the 
currents  applied  to  the  line.  This  loss  is  in  general  small  and  in 
the  following  Curves  corrections  have  not  been  made  for  it. 
Curves  taken  with  the  Thomson  wattmeter  require  no  such  cor- 
rection. 

''  There  is  an  additional  correction  which  may  be  made  in  the 
case  of  those  curves  whose  voltages  were  obtained  from  the  rais- 
ing transformer.  This  correction  arises  from  the  fact  that  the 
acti<»n  of  the  capacity  current  taken  by  the  line,  in  connection 
with  the  series  reactance  of  the  transformer  supplying  it  is  such 
as  to  make  the  voltage  impressed  upon  the  line  somewhat  greater 
than  that  obtained  by  the  ratio  of  the  transformer  winding.  The 
measurements  taken  to  determine  the  amount  of  the  error  in 
voltage  show-  it  to  be  small. 

*'  There  were  two  generators  used.  One  w^as  that  regularly 
running  and  supplying  power  to  the  ])()wer  circuits  of  the  Tel- 
luride  Power  Transmission  Company.  Jt  is  a  (iOO  k.  w.,22-pole, 
quarter-phase  machine'  delivering  500  volts  at  a  frequency  of  GO, 

or  7200  alternations  per  minute.  Its  armature  is  of  the  slotted 
type  and  is  wound  with  copper  bars.  In  the  notes  this  generator 
IS  designated  as  '  Slotttd  Armature.' 


18W.] 


POWER  ntAmansaiOff. 


"  Tlio  other  generator  is'one  wliose  field  \b  that  of  the  JOO 
K.  w.  toothed  urmature  inachme,  originallv  seut  out  as  n  part  of 
the  tirst  (lold  King  transDiiseion  plant.  It  has  twelve  poles  and 
ae  originally  run  operated  at  3000  volts  and  10,000  i^ternatioDB. 
There  are  two  armatures  for  this  machine ;  a  surface  wound  arma- 
tore,  designated  as  'Smooth  Armature,'  and  a  toothed  armature, 
designated  as  ■  Toothed  Armature.'  " 
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( '"iDjiiii-iKoii  h'tir<'<'»  Iiigvlatoris. — A  set  of  measurements  was 
iiinile  for  cimiparing  the  loss  on  the  three  circuits  supplied  re- 
wpt'i'tively  with  large  glass,  small  glai-s  and  porcelain  iusulatora. 
Tht  curves  are  very  nearly  i<tent!cal  and  correspond  very  closely 
with  the  right  hand  curve  in  Fig.  (J,     "There  was  a  heavy  wet 
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snow  on  tlie  Kronnd  and  the  cross-arms  at  the  generating  station, 
and  more  or  TeBB  snow  all  alone  the  line ;  tiiat  at  the  farther  end 
being  drier  than  at  the  generating  station.  There  was  more  or 
less  snow  falling  during  the  measurements,  and  this  accounts  for 
a  wide  variation  of  the  points  taken  at  the  high  Toltages,  as  fall- 
ing snow  renders  the  wattmeter  reading  very  unsteady,  the  un- 
st^idinese  being  such  as  one  might  expect  if  from  time  to  time 
there  was  a  discharge  between  the  wires.  This  unsteadiness  does 
not  seem  to  be  as  great  in  the  case  of  falling  rain  as  in  the  case 
of  falling  snow." 
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Jj)88  and  Dtvtatice  lietice^n,  Wires. — A  series  of  measurements 
was  made  to  determine  the  connection  between  the  loss  and  the 
distance  between  wires.  "  As  at  that  time  it  had  not  been  fully 
demonstrated  that  the  loss  was  not  affected  by  weather  conditions 
except  there  was  precipitation,  changes  in  distance  between  wires 
were  made  upon  one  circuit,  while  the  distance  between  wires  on 
another  circuit  wa8  maintained  always  the  same,  and  the  latter 
was  used  as  a  reference  circuit  wlien  a  change  in  loss  was  ob- 
tained." 
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The  eeveral  curvee  h&va  been  plotted  together,  due  correction 
bsing  made  for  the  slight  difference  in  the  loss  in  tlie  reference 
circuit,  which  probably  resulted  from  Blight  differences  in  the 
precipitation  when  the  curves  were  taken.  The  distance  be- 
tween the  wires  in  the  several  tests  was  15,  22,  35,  and  52  inches 
respectively.  The  results  are  shown  in  Fig.  6,  It  will  be  noted 
that  the  loss  is  much  greater  when  the  wires  are  close  together 
and  that  the  curve  begins  to  ascend  at  a  lower  voltage. 

Comparison  of  WattmeUi'i'. — The  loss  curres  in  Fig.  7  were 
taken  on  one  of  the  circuits,  first,  with  the  Weston   wattmeter 


and  then  with  the  Thomson  wattmeter.  The  Weitton  wattmeter 
was  not  in  circuit  when  the  nieasiircmetits  with  the  Thomson 
wattmeter  were  taken.  As  an  additional  check,  the  readings  were 
taken  on  each  of  tho  wattmeters  of  the  loss  occurring  in  the 
pliiint  resistance,  of  the  Thomsoii  wattmeter  ihe  results  were  in 
practical  agreement  with  each  other  ami  with  tho«e  obtained  by 
calculation.  The  discrepancy  in  the  reeultK  obtained  on  the  two 
instruments  when  meaGuring  line  loss  will  l>e  referred  to  later. 

/,"*#  on  InnHlatorH. — A  set  of  comparative  readings  was  taken 
on  one  of  the  circuits  and  on  a  dummy  circuit,  identical  with  tho 


848 


SCOTT  Oy  HIQU-VOLTAOE 


[J(ine  30. 


main  circnit,  as  ref^ards  kind  and  number  of  insnlators  and  the 
eiz«  of  wire,  bnt  only  60  instead  of  11,720  feet  in  length.  The 
reaultii  show  that  tli«  loss  on  tlie  two  circuits  is  practically  identi- 
cal up  to  about  50,000  volts,  which  ie  the  part  of  the  curve  below 
the  bend.  The  losses  agree  closely  with  those  shown  in  Fig.  6. 
At  higher  volt^es  the  loaa  on  the  dummy  circuit  increased 
slightly,  indicating  that  the  loss  was  of  the  same  nature  as  that 
at  a  lower  voltage.     The  agreement  of  the  loss  on  tlie  two  lines 
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St  low  voltage  {i.  e.,  beluw  the  bend  in  the  lose  curve)  indicates 
that  this  loss  was  over  the  insulators.  The  great  increase  in  loss 
on  the  long  line  at  high  voltage  indicates  that  the  loss  was  due, 
not  to  the  insulator,  but  to  the  line. 

linstxtance  and  Reactaii'v  in  the  Circuit. — Measurements 
wei'c  made  with  resistance  between  the  generator  and  the  raising 
transformer,  then  with  reactance  and  then  with  neither  resistance 
nor  reactance.     The  result*  are  shown  in   Fig.   S,  and  indicate  a 
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differeat  condition,  depending  apon  the  character  of  the  circait 
supplying  the  current.  It  vas  presumed  that  this  difference 
arose  from  a  raodification  of  ware  form  of  the  g.  m.  f.  applied  to 
the  line. 

Wave  Form  and  Loss. — Meaenreinents  were  made  upon  the 
ware  form  and  the  corresponding  loneee  when  different  generators 
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wcri.'  iisfii  and  ditfcreiit  cii-piiits  wore  oonuected.  In  one  teet  an 
annatui-c  giving  nearly  a  sine  wave  wiisused  which  delivered  cnr- 
rcnt  !it  ;ni  cvcles.  Meaf^urenients  were  made  npon  one  circuit 
only,  and  then  npon  two  circuits  in  niuUiplc.  The  current  and 
the  loss  are  both  given  in  I'ig.  9,  The  wave  form  for  no  load 
and  for  Iwth  conditions  of  load  are  given  in  Fig.   10.     The  cur- 
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reot  taken  by  the  two  circuits  in  multiple  ie  twice  that  to  a  single 
circuit.  The  variation  from  a  straight  line  in  one  of  the  current 
curves  is  due  to  a  chaof^  in  wave  form  as  the  voltage  is  increased. 
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The  loss  for  the  two  circuits  in  multiple  is  about  twice  as  great 
as  fur  one  circuit  at  low  voltages,  but  it  is  lesa  than  that  for  one 
circuit  at  high  voltages.     Referring  now  to  the  wave  form  taken 
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at  high  voltage,  it  ia  Aeen  that  the  wave  form  for  the  two  circuits 
in  multiple  has  a  lower  maximum  than  that  for  one  cironitalone. 
The  rednced  loss  on  the  two  circuits  ie  nndonbtedly  due  to  the 
different  ware  form  when  both  circuits  were  connected.  The 
distortion  of  the  wave  form  is  due  to  the  reaction  which  the  lead, 
ing  corrent  produces  in  the  generator  and  transforming  apparatus. 
Wave  forms  were  also  taken  on  the  slotted  armature  giving  60 
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cycles.  The  wave  forms  are  f^iven  in  Fig.  11.  Tlie  conditions 
arc  similar  to  those  just  described,  in  that  a  single  circuit  pro- 
duces a,  ware  having  a  much  higlior  ma.ximum  than  that  produced 
when  two  circuits  are  run  in  multiple.  The  losses  (which  are 
nut  shown)  bear  the  same  general  relation  as  that  in  the  last  case, 
namely,  the  loss  with  two  circuits  is  greater  at  low  voltage  and 
at  the  high  voltage  ia  less  than  that  on  a  single  circnit. 
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A  wave  form  was  taken  upoa  the  toothed  armature  both  at  no 
load  and  also  when  supplying  current  to  one  of  the  circuits. 
I'hese  are  shown  on  Fig.  12.  This  wave  differs  radically  from  a 
sine  wave  at  no  load  and  is  greatly  distorted  when  supplying  a 
leading  current.  In  the  no-load  wave  the  value  of  the  funda- 
mental is  72.5  per  cent.;  the  tliird  harmonic  21.6  per  cent. ;  the 
fifth  harmonic  4.8  per  cent.  The  corresponding  loss  is  given  in 
curve  1,  Fig.  9.  The  distorted  wave  makes  the  Thomson  watt- 
meter read  too  high,  especially  at  the  lower  e.  m.  f's. 

Other  Observations  and  Tests. 

"  A  series  of  observations  was  taken  extending  over  a  period 
of  thirty-three  days,  to  determine  whether  there  was  any  con- 
nection between  the  loss  occurring  on  the  lines  and  the  variation* 
in  weather  conditions.  Three  readings  were  taken  each  day. 
They  were,  in  addition  to  the  wattmeter  readings,  readings  for 
l)arometric  pressure,  temperature,  humidity,  wind  direction  and 
wind  velocity.  The  weather  observations  were  taken  simultane- 
ously at  Ames  and  the  King,  using  sets  of  weather  instruments 
furnished  by  the  United  States  Weather  Bureau.  The  range  of 
these  observations  is  shown  in  a  table  given  below,  in  which 
maximum  and  minimum  refer  to  the  maximum  and  minimum 
results  obtained  at  any  time  during  the  thirty-three  days  over 
which  the  measurements  extended  : — 


Location. 

Barometer. 

Temperature 
L»e(f.  F. 

Humidity 
per  cent. 

432 
7« 

425 
3.0 

Wind  velocity 
mile^  per  hour. 

Ames. 
King. 

\  Maximum. 
'{  Minimum. 

\  Maximum. 
'(  Minimum. 

aa  lo' 
a  1. 68' 

ai88' 
19.81 

73.5 
56.3 

6a.o 
47.8 

aa 
a    . 

ao 
3 

*' If  there  was  any  variation  in  the  loss  on  the  lines  for.  this 
range  of  weather  conditions,  it  was  so  small  as  to  be  inap- 
preciable. The  results  of  all  measurements  taken  during  this 
work  seem  to  confirm  the  fact  that  the  onlv  weather  condition 
whatsoever  which  affects  the  loss  to  any  practical  extent  is  that  of 
precipitation.  The  loss  seems  to  bear  some  relation  to  the  size  of 
the  particles  precipitated,  being  greater  for  a  fall  of  snow  in 
whicn  the  flakes  are  large  than  one  in  which  the  flakes  are  small. 

*'  In  the  power  transformers  used,  the  series  reactance  was 
comparatively  small  because  of  the  subdivision  of  the  coils.  A 
change  in  the  condition  on  the  line  as  regards  loss  occurred  when 
the  Weston  wattmeter  was  placed  in  circuit.  This  was  detected 
by  measurement  upon  the  Thomson  wattmeter,  both   when  the 
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AVeston  wattmeter  was  in  circuit  and  when  it  wa^^  not.  More- 
over, the  lines  hissed  when  the  voltage  is  55,500  and  the  Weston 
wattmeter  is  out  of  circuit,  but  when  the  Weston  wattmeter  is 
thrown  into  circuit  the  hissing  ceases,  although  the  voltage  rises 
to  57,700.  The  hissing  sound  is  a  characteristic  of  high- voltage 
lines  and  begins  at  the  bend  in  the  loss  curves.  It  always  ac- 
companies luminosity  of  the  lines. 

*'  Along  w^ith  this  change  there  was  another  phenomenon  not 
previously  mentioned.  This  was  a  discharge  which  took  place 
from  time  to  time  between  the  terminals  of  individual  choke- 
coils.  The  discharge  would  occur  sometimes  between  the  termin- 
als of  one  choke  coil  and  sometimes  simultaneously  on  two  or 
three  of  the  choke  coils.  These  discharges  made  considerable 
noise,  sounding  very  much  like  a  pistol  shot,  and  could  be  heard 
at  a  considerable  distance  from  the  transformer  house.  As  the 
choke-coil  terminals  are  distant  from  each  other  about  8^",  it  is 
not  thought  that  tliis  discharge  took  place  through  the  air,  but 
over  the  surface  of  the  wood  enclosing  the  choke-coil.  The  dis- 
charge, however,  left  no  mark  on  this  surface.  Simultaneous 
with  these  choke-coil  discharges  one  could  hear,  if  standing  under 
the  line  some  little  distance  from  the  transformer  house,  a  slight 
snap  which  seemed  to  be  a  phenomenon  rather  of  the  whole  line 
than  of  any  particular  spot  in  it.  Sometimes  there  was  a  cor- 
responding snap  over  the  lightning  arresters.  As  the  lightning 
arresters  make  more  or  less  noise  at  all  voltages,  this  snap  over 
them  may  have  been  present  at  all  times,  but  in  some  cases  not 
sufficiently  well  marked  to  be  heard  above  the  continued  hissing 
of  the  lightning  arresters. 

*'  After  the  preceding  results  had  been  obtained,  the  two  power 
transformers  were  connected  up  with  their  high-tension  windings 
in  series,  the  point  of  connection  between  them  being  grounded, 
and  with  their  low-tension  windings  in  multiple.  With  this  ar- 
rangement voltage  was  impressed  on  one  of  the  circuits,  power 
being  supplied  by  the  smooth  armature  at  7200  alternations. 
The  voltage  was  run  by  means  of  the  machine  field  to  90,000. 

*•  As  the  power  taken  by  the  lines  at  this  voltage  overloaded 
the  motor  used  to  drive  the  generator,  a  span  was  cut  out  of  the 
circuits  at  a  little  distance  from  the  station,  leaving  about  500 
feet  of  wire  in  them.  The  voltage  was  run  up  to  133,000  volts 
and  held  there  for  some  minutes  ;  but  the  current  finally  jumped 
from  the  outside  terminal  of  each  transformer  to  the  iron,  smash- 
ing the  heavy  glass  tube  with  which  these  terminals  were  in- 
sulated.'' 

Discussion  op  Results. 

The  following  is  taken  from  Mr.  Mershon's  discussion  of  the 
results  of  his  tests : 

"  There  is  evidently  a  certain  critical  voltage  at  which  the  loss 
occurring  between  wires  begins  to  increase  very  rapidly;  indeed^ 
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it  seems  as  though  there  might  be  something  of  the  nature  of 
a  polarization  similar  to  that  which  occurs  in  the  case  of  an 
electrolyte ;  that  there  is  something  of  this  nature  in  the  case  of 
air  or  other  gases  subjected  to  an  electrostatic  stress  is  well  known, 
and  it  has  been  taken  as  an  explanation  of  the  fact,  that  in  the 
experimental  determination  of  sparking  distances  in  air,  a  certain 
minimum  potential  is  necessary  to  establish  an  arc,  no  matter  how 
small  be  tne  sparking  distance.  AIpo,  Varley  has  done  some 
work  on  tubes  containing  gases.  This  work  was  done  with  a 
series  of  Daniell's  cells  yielding  300  to  400  volts.  The  voltage 
was  impressed  upon  electrodes  sealed  into  the  tubes.  He  estab- 
lished the  following  facts: — First,  that  each  tube  required  a 
certain  potential  to  leap  across ;  second,  that  the  passage  for  the 
current  having  been  once  established  a  lower  potential  was  suf- 
ficient to  continue  the  current;  third,  if  the  minimum  potential 
which  would  maintain  a  current  through  the  tube  be  p  and  the 
voltage  varied  to  p  plus  1,  p  plus  2.  etc.,  to  p  plus  n,  the  current 
will  vary  in  strength  as  1,  2,  3,  etc.,  n  ;  p  always  meaning  the 
lowest  value  at  which  the  current  will  continue,  and  is  less  than 
that  at  which  the  current  starts. 

'*  If  such  a  condition  of  affairs  obtains  in  this  case,  the  loss 
curves  of  the  preceding  sheets  must  be  made  up  in  two  parts,  one 
the  loss  over  tne  insulators  and  cross-arms,  the  other  the  loss  oc- 
curring through  the  air.  The  first  part  of  the  loss  curve  up  to 
or  near  the  point  where  the  abrupt  bend  begins,  must  be  the  loss 
over  the  insulators  and  cross-arms  alone ;  beyond  the  point  where 
such  a  bending  occurs,  the  loss  curve  must  be  made  up  of  a  com- 
bination of  the  two  losses  referred  to. 

"  If  the  action  which  takes  place  in  air  is  similar  to  that  ob- 
tained by  Varley,  we  might  expect  that  both  (1)  the  position  of 
the  critical  bend  on  the  loss  curve  and  (2)  the  law  which  the  loss 
follows  above  the  bend,  would  be  affected  by  the  form  of  the 
B.  M.  F.  wave  impressed  upon  the  line  for  the  former  (1)  must 
depend,  not  upon  the  mean  square  of  the  voltage  impressed  upon 
the  line,  but  upon  the  mean  square  of  that  portion  of  the  e.  m.  f. 
wave  which  is  above  a  certain  critical  voltage,  and  the  latter  (2) 
must  depend  upon  the  form  of  that  portion  of  the  £.  m.  f.  wave 
above  a  certain  critical  voltage  because,  as  Varley  shows,  the 
minimum  voltage  at  which  this  peculiar  loss  begins,  differs 
slightly  from  the  minimum  voltage  at  which  it  will  continue  after 
the  action  has  been  established.  If  it  were  not  for  the  latter 
consideration  it  would  be  comparatively  easy  to  determine  the 
equation  for  such  loss  at  least  in  the  case  of  a  pure  sine  wave,  and 
it  might  be  that  there  is  a  sufficiently  small  difference  between 
the  voltage  at  which  this  loss  will  begin  and  the  voltage  at  which 
it  will  discontinue  for  such  an  equation  to  hold  practically.  That 
the  loss  depends  upon  the  maximum  value,  if  not  upon  the  form 
of  the  E.  M.  F.  wave,  is  shown  by  several  of  the  loss  curves  in  con- 
nection with  their  corresponding  wave  forms.     This  is  particularly 
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noticeable  in  one  or  two  cai^es  where  the  loss  on  two  lines  in 
multiple  is  less  than  that  on  one  line,  and  although  some  of  these 
comparisons  will  ha\re  to  be  made  between  curves  taken  on  the 
two  different  wattmeters  and  are,  therefore,  not  strictly  com- 
parable, they  may  be  compared  after  such  correction  as  is  men- 
tioned below  in  discussing  the  wattmeters.  In  any  case  the  curves 
are  comparable,  qualitatively,  as  regards  the  position  of  the  critical 
point. 

"  It  might  be  objected  that  the  results  are  rendered  question- 
able by  the  curves  in  Fig.  7.  The  curves  were  taken  under  pre- 
sumably similar  conditions,  except  that  one  was  obtained  by 
means  of  the  Thomson  wattmeter  and  the  other  by  means  of 
the  Weston  wattmeter.  This  discrepancy  is  attributed  to  a 
charging  current  passing  through  the  shunt  resistance  of  the 
Thomson  wattmeter.  That  the  amount  of  capacity  current  neces- 
sary to  produce  the  discrepancy  is  small,  appears  upon  the  fol- 
lowing considerations: — In  one  case  the  loss  obtained  upon  a  cir- 
cuit at  8S,()00  volts  when  using  the  Weston  wattmeter  is  90  watts, 
and  under  the  same  conditions,  but  using  the  Thomson  wattmeter, 
the  loss  is  215  watti*.  The  difference  in  the  loss  obtained  by  the 
two  wattmeters  is  therefore  125  watts.  The  current  is  about 
{)Mh  of  an  ampere.  Is'ow,  0.25  of  an  ampere  if  in  step  with  the 
E.  M.  F.  would  give  on  the  Thomson  wattmeter  at  88,000  volts  a 
reading  of  lK50(i  watts;  therefore  the  capacity  current  through 
the  shunt  resistance  necessary  to  produce  the  discrepancy  of  125 
watts  is  125  divided  by  9500,  or  about  1.3  per  cent,  of  the  current 
in  the  shunt  resistance.  The  shunt  resistance  has  a  value  of 
1,202,800  ohms;  at  88,000  volts  the  current  through  it  would  be 
about  0.032  amperes;  1.3  per  cent  of  this,  or  0.00416  amperes 
is  that  required  to  produce  the  discrepancy  noted.  In  further 
support  of  this  method  of  accounting  for  the  discrepancy,  the 
results  obtained  at  different  numbers  of  alternations  using  the 
Thomson  wattmeter  show  a  variation  for  different  numbers  of 
alternations  of  the  losses  below  the  bend  in  the  loss  curve,  and 
which  are  thought  to  occur  over  insulators  and  cross-arms.  There 
should  be  no  variation  in  such  loss  for  a  variation  in  frequency. 

'^  Any  discrepancy  occurring  in  the  Thomson  wattmeter  by 
reason  of  a  capacity  current  in  its  shunt  resistance  will  be  affected 
to  a  greater  or  less  extent  by  change  in  the  wave  form. 

''It  is  believed  that  all  the  phenomena  connected  with  this 
work  may  be  studied  in  a  tube  which  has  been  partly  exhausted. 
The  work  could  then  be  done  with  comparatively  low  voltage  and 
using  direct  current  which  would  much  simplify  the  measure- 
ments. The  contents  of  the  tube  might  be  partially  rarefied  air 
or  other  gas,  as  the  action  would  undoubtedly  be  similar  in  all 
gases.  With  such  a  tube  might  be  studied  the  law  of  variation 
in  distance  and  form  of  electrodes,  also  in  material  and  surface  of 
the  same. 
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Kk8ume  and  Conclusions. 

**  It  18  undoubtedly  true  that  the  loss  is  made  ut)  of  a  loss  over 
insulators  and  a  loss  between  wires,  and  that  the  latter  is  the  only 
loss  worth  considering. 

''  The  loss  between  wires  is  not  affected  by  any  atnjosplieric 
conditions  except  precipitation.  This  statement  of  course  must 
be  taken  as  applying  to  such  a  climate  as  that  in  which  the 
measurements  were  taken.  The  lines  were  seldom  in  fogs  or 
clouds,  and  when  they  were,  or  when  lain  was  falling,  the  moist- 
ure was  of  the  purest.  Near  cities  the  loss  would  be  undoubtedly 
much  greater  than  that  shown  in  these  curves,  becau^ie  of  the 
impurities  both  in  solution  in  the  moisture  of  the  atmosphere  and 
in  suspension. 

"  There  will  be  for  a  given  transmission  a  certain  econonjical 
voltage,  because  while  an  increased  voltage,  with  a  given  line 
wire,  will  reduce  the  loss  in  this  wire  by  decreasing  the  trans- 
mission current  it  will  also  increase  the  loss  between  the  wires. 

"  It  is  believed  that  attention  to  wave  form  is  very  important. 
The  sine  wave  is  undoubtedly  the  best  as  giving  a  stable  form, 
and  because  of  superior  results  with  all  kinds  of  apparatus.  A 
flat  wave  would  of  course  give  less  loss,  but  would  not  be  stable, 
and  as  the  nearest  practical  approach  to  a  sine  wave  will  not  be 
perfectly  stable  but  will  still  contain  sonie  harmonics,  it  will  be 
of  advantage  to  keep  the  series  reactance  of  the  transformers  and 
generators  as  low  as  possible. 

''It  is  believed  that  40,000  volts  is  perfectly  conservative  and 
safe  as  regards  loss  between  wires  for  any  ordinarily  good  wave 
form,  and  in  a  climate  such  as  that  in  which  the  measurements 
were  taken,  i,  ^.,  where  the  air  and  precipitated  moisture  are 
practically  pure,  4:0,0ii()  volts  comes  well  below  the  bend  in  the 
loss  curve  even  under  the  worst  weather  conditions. 

"  I  can  see  no  advantage  of  porcelain  over  glass,  unless  it  be 
that  of  superior  mechanical  strength.  The  latter  is  rather  a 
doubtful  advantage.  The  ball  from  a  heavy  calibre  rifle  or  re- 
volver such  as  are  used  in  the  western  country  will  smash  any 
insulator  whether  glass  or  porcelain.  Porcelain  offers  a  more 
tempting  mark,  being  white.  As  to  hygroscopic  properties,  no 
difference  could  be  discovered  so  far  as  these  measurements  were 
concerned.  It  will  make  little  difference  under  running  con- 
ditions whether  the  insulator  be  hygroscopic  or  not,  as  the  ^mall 
amount  of  power  necessary  to  keep  the  surfaces  dry  will  be  in 
Mgnificant.  I  say  under  running  conditions,  because  in  starting 
up  a  '  cold '  line  there  is  danger  of  break-down  if  current  is  put 
on  suddenly  at  full  value,  instead  of  being  raised  gradually.  As 
far  as  the  resistance  to  piercing  is  concerned,  glass  is  just  as  good 
practically  at  least  as  porcelain.  It  needs  no  electrical  test  to 
pick  out  a  good  glass  insulator,  which  is  one  advantage  of  glass 
over  porcelain. 
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''To  sum  up,  glass  insulators  are  cheaper,  lighter,  more  easily 
tested  and  less  likely  to  be  shot  at  than  porcelain ;  on  the  other 
hand,  they  have  less  mechanical  strength. 

''  In  every  case,  in  my  experience,  where  a  breakdown  has  oc* 
curred,  it  has  been  on  a  cross-arm  which  was  ^  wind  shaken '  and 
'  weather  cracked,'  the  current  following  the  cracks.  This  leads  to  a 
curious  result.  The  mark  of  the  current  will  be  ob  surface  of  the 
arm  for  five  or  six  inches,  then  disappear  from  the  surface  altogether 
for  some  inches,  then  reappear,  etc.  On  cutting  open  the  arm 
one  sees  how  the  current  has  followed  the  best  path,  dodging  in 
and  out.  Rain  and  moisture  probably  settle  towards  the  cracks, 
carrying  salts  from  the  body  and  surface  of  the  wood.  This 
forms  a  path  of  low  resistance,  especially  in  wet  weather.  For 
this  reason  I  have  in  the  plant  of  the  Colorado  Electric  Power 
Company  taken  particular  pains  in  treating  both  pins  and  cross- 
arms.  The  cross-arm  treatment  is  such  as  tills  all  cracks  and  fis- 
sures as  a  section  of  the  wood  shows. 

''  This  report  would  be  incomplete  without  an  acknowledg- 
ment of  the  assistance  rendered  in  the  work  by  the  engineering 
force  of  the  Telluride  Power  Transmission  Company,  headed  by 
Mr.  P.  N.  Nunn.  Especial  credit  should  be  given  Mr.  A.  L. 
Woodhouse  for  his  faithful  work  and  constant  perseverance  in 
the  face  of  great  discouragement." 

High-Tension  Tests  at  East  Pittsbukg. 

Laboratory  tests  and  measurements  on  a  small  scale  cannot 
take  the  place  of  tests  under  the  conditions  of  practical  service, 
such  as  those  at  Telluride.  There  are,  however,  many  impor- 
tant elements  which  may  be  determined  by  laboratory  measure- 
ments. 

A  high-tension  line  for  testing  insulators  and  making  measure- 
ments upon  the  losses  between  wires  was  erected  at  the  East 
Pittsburg  factory  in  the  fall  of  1897.  A  number  of  the  tests 
which  have  been  made  are  here  recorded. 

(I)  A  test  was  made  to  determine  whether  the  wave  form  of 
tlio  charging  current  to  the  line  was  similar  to  that  through  a 
nsistance,  or  whether  it  was  modified  by  the  loss  component,  the 
loss  occurring  only  at  the  higher  part  of  the  e.  m.  f.  wave.  The 
current  to  the  high- voltage  line,  at  pressures  varyinj^  from 
3f),000  to  60,000  volts,  was  passed  through  a  coil  possessing  high 
6«lf-induction.  The  e.  m.  f.  upon  the  coil  was  measured  by  a 
voltmeter.  The  e.  m.  f.  was  also  measured  when  a  current  of 
e(iual  strength  was  passed  through  the  coil,  the  line  being  short- 
circuited  and  a  low  e.  m.  f.  applied.  It  was  found  that  the 
voltage  upon  the  coil  was  the  same,  within  a  small  error  of  obser- 
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vation,  in  both  cdses,  showiDfc  practically  no  difference  in  the 
wave  form  of  the  current  under  the  two  conditions.  The  current 
wae  from  an  armature  giving  practically  a  sine  wave. 

(2)  The  charging  current  to  the  line  was  measured  under 
several  different  conditions  when  the  current  was  obtained  from 
a  generator  giving  practically  a  sine  wave.  The  results  of  meas- 
urements were  compared  with  the  currents  as  calculated  by  the 
theoretical  formula.  The  last  measurement  in  the  table  was 
made  upon  the  Niagara-Buffalo  line,  with  current  from  a  Niagara 
generator,  which  differs  slightly  from  a  sine  wave. 

Comparison  of  Measured  and  Calculated  Charging  Current  to  Parallel 

Wires.    Length,  One  Milk — 10,000  Volts. 


Size  of  Wire. 

Distance  between  Wires. 

Frequency. 

Measured 
Current. 

Calculated 
Current. 

No.  8  Bands 

8  B  and  S 

8  B  and  S 

8  B  and  S 

No.  8  and  ground 

0.71''  diameter 

ai.7" 
48.0' 

79.5" 

««7  5" 

xaco'' 
( 18"  for  a/3  of   distance  ; 
(36"    "    1/3  '*         '»         f 

60 
60 
60 
60 
60 

25 

.0307  Amperes 

.oa4S 
.oa34 

.oaa5        •' 
.04a7 

.0176        ** 

.oa8  Amperes 
.oasa        " 
.0838        " 
.oaaa        " 
.041a 

.0x70 

A  table  giving  the  calculated  charging  current  for  a  number 
of  conditions  will  be  found  in  Appendix  B. 

(3)  The  fall  of  potential  around  tire  wires  was  noted  by  testa 
made  with  spark-gaps.  The  wires  48"  apart  were  con- 
nected to  the'  high-voltage  terminals  and  a  spark-gap  was  placed 
between  two  idle  wires  also  48"  apart,  placed  about  21"  below 
the  first  wires.  A  spark-gap  consisting  of  brass  terminals  with  a 
J"  radius  was  placed  between  the  two  idle  wires.  When  the  gap 
was  -3^"  the  sparking  began  when  the  e.  m.  f.  from  the  raising 
transformer  was  26,000  volts.  A  gap  of  ^"  requires  an  e.  m  f. 
of  2,200  volts  to  produce  sparking.  When  the  spark-gap  was 
made  -g^"  (equivalent  to  12,000  volts)  the  sparking  began  at 
103,000  volts  from  the  raising  transformer.  At  intermediate 
points  there  is  a  fair  proportionality  between  the  spark-gap  and 
the  K.  M.  F. 

In  another  test  a  spark-gap  was  placed  between  one  of  the  idle 
wires  and  the  adjacent  wire  of  the  live  circuit.     When  the  spark- 
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gap  was  ^"  (equiYalent  to  6,000  volte)  the  spark  passed  when 
the  E.  M.  F,  was  17,500  Tolto,  and  when  the  epark  was  made  i" 
(equivalent  to  12,000  volts)  the  sparking  began  at  33,000  volte. 
When    the  gap  was  ^"  (equivalent  to  16,000    volte)    sparking 
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began  at  41,000  volts.  When  the  gap  was  V'  (equivalent  to 
20,000  volte)  sparking  occurred  at  49,000  volte.  The  b.  m.  f.  did 
not  differ  greatl;  from  a  sine  wave.  These  testa  have  an  impor- 
tant bearing  in  connection  with  the  running  of  telephone  and 
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other  circuits  adjacent  to  high-potential  wires.  It  is  essential  that 
the  wires  of  a  high-potential  circuit  be  spiraled  so  that  each  wire 
sustains  the  same  relation  as  every  other  wire  to  the  second 
circuit,  in  order  that  the  effects  of  static  induction  may.be 
neutralized. 

(4)  The  effect  of  the  size  of  wire  upon  the  loss  was  investi- 
gated by  running  a  pair  of  No.  28  brass  wires  0.0126"  in  diam- 
eter and  then  replacing  it  by  large  rubber-covered  wires.  The 
rubber-covered  wire  was  Ho.  7  b  and  s.  gauge  0.144"  in  diameter ; 
the  outside  diameter  of  the  rubber  covering  was  0.3"  and  the 
diameter  over  the  braid  was  0.35".  In  each  case  measurements 
were  made  upon  another  circuit  which  was  unchanged  during 
the  different  tests,  and  thus  served  for  comparison.  The  results 
of  these  tests  are  shown  in  Fig.  13,  which  also  gives  the  con- 
ditions when  one  fine  wire  and  one  wire  of  larger  size.  No.  8  b 
and  8,  constituted  the  circuit.  This  comparison  shows  the  very 
marked  increase  in  loss  when  the  fine  wire  is  used.  The  loss 
is  greatly  decreased  when  the  rubber-covered  wire  is  used.  The 
loss  on  the  rubber-covered  wire,  liowever,  increased  considerably 
after  the  voltage  had  been  raised  and  the  rubber  had  broken 
down,  thus  permitting  the  current  to  pass  freely  to  the  outer 
surface  of  tlie  insulation.  It  is  quite  probable  that  the  loss 
would  increase  as  the  insulation  became  defective,  until  it  was 
nearly  equal  to  that  of  a  wire  having  the  same  total  diameter. 

The  measurements  on  wires  of  different  sizes  given  in  Fig.  13. 
are  qualitatively  correct,  altliough  some  of  the  readings  on  which 
the  curves  are  based  were  quite  small,  so  that  the  absolute  values 
may  not  be  exact. 

(5)  The  effect  of  the  current  in  drying  the  surface  of  the 
infrulators  was  illustrated  in  a  test  ipade  during  a  rain.  Upon 
applying  45,000  volts  to  a  circuit  the  wattmeter  indicated  116. 
After  four  minutes  the  defiection  had  decreased  to  72,  the  cur- 
rent remaining  the  same.  The  e.  m.  f.  was  then  increased  to 
60,000  volts,  the  wattmeter  deflection  increased  to  155,  and  at 
the  end  of  three  minutes  it  had  fallen  to  138.  The  current  was 
one-third  greater  than  at  the  lower  voltage,  but  remained  constant 
while  the  wattmeter  changed.  The  rain  continued  during  the 
test,  which  shows,  therefore,  that  the  condition  of  the  insulator 
is  materially  improved  by  the  presence  of  the  current. 

(6)  It  was  noticed  that  when  there  was  a  break-down  upon  the 
line  and   the  current  passed  suddenly  between  wires  over  the 
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surface  of  the  cross-arm  that  there  was  a  sparking  between  the 
terminals  of  the  ammeters  in  the  high-tension  circuit  across  the 
surface  of  the  instrument.  This  was  further  investigated  by 
placing  in  circuit  a  coil  of  low  resistance  through  which  one 
ampere  would  be  sent  by  about  1^  volts  at  a  frequency  of  125. 
A  spark-gap  was  placed  in  shunt  to  this  coil.  A  2"  spark-gap 
was  also  placed  between  the  line  wires.  The  voltage  of  the 
primary  was  gradually  raised  until  at  35,000  volts  the  current 
passed  across  the  spark-gap  between  the  line  wires.  A  spark 
also  passed  across  a  gap  of  f '^,  shunting  the  small  choke-coil. 
This  test  shows  the  remarkable  suddenness  of  the  rush  of  cur- 
rent when  the  8hor^circuit  occurs  due  to  the  breaking  down  of 
the  spark-gap  on  a  hi^h-voltage  circuit.  This  phenomenon  was 
observed  by  Mr.  Mershon  in  choke-coils  used  in  connection  with 
liglitning  arresters  at  Telluride. 

Running  tests  were  made  on  four  lines  in  multiple  at  high 
voltages.  Each  line  consisted  of  two  wires  1,040  feet  in  length 
held  by  26  insulators.  The  insulators  were  of  various  types  of 
glass  and  porcelain,  some  of  the  ordinary  form  and  some  under- 
hung. For  hours  at  a  time  100,000  volts  or  slightly  more  were 
kept  upon  the  line.  For  about  six  weeks  voltages  ranging  from 
70.000  or  80,00;)  to  100,000  volte  were  kept  on  the  lines  for 
about  eight  hours  a  day.  When  there  was  rain  the  line  would 
short-circuit  and  the  voltage  had  to  be  reduced.  During  a  driv- 
ing rain  storm  48,000  volts  was  kept  on  the  liries,  and  it  may 
have  required  a  considerably  higher  voltage  to  have  caused  short- 
circuiting. 

^7)  A  high-tension  wattmeter  similar  to  the  Thomson  watt- 
meter at  Telluride  was  used.  To  correct  the  wattmeter  for 
the  errors  caused  by  charging  current  in  the  shunt  resistance, 
a  condenser  was  placed  in  parallel  to  the  shunt  circuit  of  the 
wattmeter.  This  condenser  should  be  so  adjusted  that  the  cur- 
rent through  the  shunt  circuit  of  the  wattmeter  is  the  same 
that  it  would  be  if  there  were  no  condenser  and  the  shunt  re- 
sistance had  no  capacity.  This  permite  the  capacity  current  in 
the  circuit  to  be  shunted  round  the  wattmeter  by  the  con- 
denser. The  condenser  in  shunt  to  the  wattmeter  was  capable 
of  adjustment,  and  by  varying  ite  capacity  the  deflection  could 
be  made  positive  or  zero  or  negative  when  current  was  de- 
livered to  a  constant  load.  The  proper  adjustment  was  made 
by  taking  a  comparatively  low  voltage,  at  which  the  charging 
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current  was  very  high  in  comparison  with  the  loss,  so  that  the  * 
lots  was  nearly  negligible,  and  adjusting  the  wattmeter  to  indi- 
cate zero.  At  higher  voltages,  when  there  was  a  considerable 
loss,  the  error  with  this  adjustment  would  be  inappreciable. 
Certain  variations  with  temperature  and  humidity  were  noted 
which  would  be  explained  by  a  variation  in  tlie  capacity  of  the 
resistance,  causing  a  variation  in  the  charging  current  to  the 
shunt  circuit  of  the  wattmeter.  The  high  resistance  for  the 
shunt  circuit  was  wound  upon  fuller- board  plates  containing  brasa 
stiffening '  pieces.  Tests  were  made  upon  individual  plates  by 
measuring  the  capacity  between  the  wire  and  the  supporting  strip 
of  brass,  and  it  was  found  that  the  capacity  and  the  insulation 
resistance  both  varied  with  the  amount  of  moisture  in  the  ful- 
ler-board insulation.  In  order  to  prevent  variations  of  this 
kind,  subsequent  resistances  were  wound  upon  glass  plates, 
which  seems  to  be  a  very  satisfactory  form  of  construction. 

Tests  at  Niagara. 

Some  measurements  have  been  made  upon  the  Niagara-Buffalo 
transmission  line.  There  are  two  circuits  of  three  wires  each^ 
one  of  whicii  was  in  service  and  the  other  was  available  for 
tests.  Each  circuit  consists  of  three  cables  each  of  350,000  c. 
M.,  approximately  0.7"  in  diameter.  The  cables  are  run  on 
porcelain  insulators,  and  are  on  the  same  cross-arm.  Adjacent 
insulators  are  IS  inches  apart  and  the  circuit  is  spiraled,  so  that 
each  of  the  three  wires  occupies  the  middle  position  for  a  third 
of  the  distance.  Current  from  one  of  the  5000  h.  p.  generators 
was  applied  to  the  line  through  a  raising  transformer,  by  which  ' 
the  voltage  can  be  increased  by  small  steps  to  100,000  volts* 
This  transformer  is  part  of  a  high-tension  testing  outfit  which  is 
described  by  Mr.  C.  E.  Skinner  in  the  BUecti^al,  W&r/dj  March 
5,  1898.  The  wattmeter  is  a  Thomson  inclined  coil  instru- 
ment with  a  high  resistance  shunt  of  german  silver  wire  wound 
on  glass  plates.  The  ammeter  is  a  Thomson  inclined  coil  instru- 
ment, connected  directly  in  the  high-voltage  circuit. 

Measurements  were  made  between  the  various  pairs  of  wires, 
Le,y  1  and  2.  2  and  3  and  1  and  3 ;  the  current  was  found  to  be 
practically  the  same  in  each  case ;  the  loss  on  one  of  the  circuits 
was  slightly  greater  than  that  on  either  of  the  other  two,  on  which 
the  losses  were  about  equal.  The  accompanying  curve  sliows 
the  measurements  of    current  when  two  wires  were  connected 
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and  the  measuraDient  of  loss ;  the  latter  measureineDta  were 
made  upon  one  pair  of  wires  up  to  aboat  26,000  volts  and  then 
upon  a  second  pair.     Tlie  reeulta  are  given  in  Fig.  14. 

On  another  day  measurements  were  made  of  the  resistance  be- 
tween each  wire  and  the  ground,  and  corresponding  meaaurements 
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of  loss  were  made  by  placing  the  high  potentials  between  each 
wire  and  the  ground.  The  mensured  loss  was  somewhat  greater 
than  the  loss  calculated  by  using  the  e.  h.  f.  and  the  measnred 
resistance.  In  these  measurements,  at  voltages  from  13,000  to 
23,000  volts,  the  power  factor  calculated  from  the  current  and 
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wattmeter  meaanremeDts.  varied  from  about  4^  to  6^  ao  that  a 
very  small  charj^Dg  current  in  the  wattmeter  would  produce  a 
coneiderable  error  in  the  reading. 

Some  meaanrementa  were  made  upon  a  pair  of  fine  wires,  in 
whiuh  the  wires  were  placed  at  different  dietancee  apart.  Ko. 
31   B  and  b  gauge  spring  brass  wire  0.0080"  iu  diameter  was 
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used.  The  length  of  the  parallel  wires  was  T44  feet.  They 
were  Buapended  bj  light  strings  successively  at  6"  apart,  14' 
apart,  and  about  25"  apart,  the  distance  varying  from  24"  to 
37".  The  wattmeter  readings  are  given  in  the  curves  in  Fig.  15. 
The  power  factor  of  the  measurements  made  above  100,000 
volts  is  about  Q5%,  and  is  over  80%  above  T0,"00  volts.     There 
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can  be  but  little  error  in  the  wattmeter  due  to  charging  current 
in  the  resistance  at  these  power  factors 

The  measurements  on  the  Buffalo  line  were  made  bj  the 
writer.  Those  on  the  fine  wires  were  made  by  Mr.  E.  M.  Ting- 
ley,  who  conducted  the  tests  at  East  Pittsburtf,  and  rendered 
valuable  assistance  in  the  preparation  of  this  paper. 

Power  Transmission    Plants  in  Operation. 

Beginning  with  the  plant  at  San  Bernardino  and  Pomona^ 
which  began  operation  in  1892,  using  10,000  volts  and  trans- 
mitting 30  miles,  a  constantly  increasing  number  of  plants  have 
been  installed  operating  at  10,000  or  15,000  volts.  In  some  cases 
there  has  been  little  or  no  trouble  experienced  with  tha  trans- 
mission lines,  while  in  other  cases  the  experiences  have  been  less 
satisfactory.  The  principal  trouble  seems  to  have  been  a  poor 
grade  or  an  insufficient  size  of  porcelain  insulator.  In  other  cases 
the  insulators,  sometimes  porcelain  and  sometimes  glass,  have 
given  almost  perfect  satisfaction. 

The  superintendent  of  a  power  company  which  has  been  run- 
ning fifteen  months  with  about  15,000  volts,  reports  that  they 
"have  had  absolutely  no  trouble  whatever  of  an  electrical 
nature."  Some  insulators  were  broken  because  they  had  been 
used  as  targets  by  small  boys  or  hunters,  but  only  the  outer  petti- 
coats were  broken,  and  no  short-circuits  occurred,  although  in 
some  cases  insulators  were  in  use  for  months  with  most  of  the 
outer  petticoats  chipped  off.  The  distance  of  transmission  is 
twelve  miles.     Porcelain  insulators  are  used. 

In  another  plant  which  has  been  in  operation  about  a  year  and 
a  half  employing  15,000  volts  for  a  distance  of  nearly  thirty 
miles,  there  have  been  but  three  shut-downs  on  account  of  line 
difficulties.  These  were  due  to  the  breaking  of  insulators  at  a  point 
where  the  line  was  spiraled.  In  one  case  the  repair  was  made 
in  half  an  hour,  and  in  the  other  case  a  few  minutes  interruption 
to  the  service  was  sufficient  for  repairs. 

The  line  is  regularly  patroled,  and  if  a  defective  insulator  or 
pin  is  found,  the  generating  station  is  notified  by  telephone  and 
the  line  is  shut  down  for  a  few  moments  at  noon.  In  one  case 
two  poles  were  burned  by  a  defect  in  the  insulators  on  the  top  of 
each.  The  poles  burned  to  the  ground,  leaving  the  line  hanging 
clear  without  any  one  at  either  the  generating  station  or  sub- 
station being  aware  of  the  fact. 
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Troubles  have  arisen  on  some  lines  by  the  burning  off  of  pins 
by  the  passage  of  sparks  from  the  outer  edge  of  the  insulator  to 
the  pin.  These  sparks  make  small  holes  in  the  pin  no  larger 
than  a  needle  point,  but  after  continuous  sparking  for  some 
time  the  /pin  becomes  entirely  charred.  An  iron  pin  suggested 
itself  as  a  remedy,  but  additional  strains  and  tendency  to  break- 
down are  liable  when  a  conductor  is  placed  within  the  insulator. 
The  burning  off  of  pins  has  occurred  where  small  porcelain  in- 
sulators are  porous  and  the  outside  glaze  is  imperfect,  while  the 
glaze  on  the  inside  is  good.  When  the  porcelain  is  filled  with 
water  the  current  readily  passes  through  it  to  the  lower  rim  of 
the  insulator  and  then  sparks  across  to  the  pin.  In  one  place 
which  has  been  running  for  about  three  years  some  250  pins 
burned  off.  The  early  insulators  have  been  replaced  by  larger 
and  better  ones,  and  this  defect  has  disappeared. 

A  10,000  volt-line  which  runs  for  a  dozen  miles  or  more  within 
ft  few  hundred  yards  of  the  Pacific  coast  has  burned  cross-arnis 
on  nearly  every  pole.  The  cross-arms  near  the  ends  of  the  line, 
which  are  away  from  the  coast,  are  not  burned.  Usually  the  burn- 
ing appears  as  a  mere  blackening  of  the  cross-arm  for  a  short 
space  between  the  insulators,  on  one  side  of  the  arm.  In  some 
cases  the  charring  is  deeper,  and  appears  on  both  sides.  The 
side  on  which  almost  all  of  the  burning  occurs  is  the  one  toward 
which  the  winds  come  from  the  ocean,  bearing  the  mist  of  salt 
water.  The  "wire  shows  discoloration,  and  the  iron  braces  for 
holding  the  cross-arms  are  in  a  few  cases  eaten  tlirough.  More- 
over, the  cross-arms  were  green  and  full  of  sap  when  erected. 
The  early  porcelain  insulators  were  porous,  and  have  now  been 
replaced,  and  the  pins  are  of  iron.  The  charring  has  ceased 
almost  entirely  since  the  new  porcelains  were  put  up. 

It  may  be  observed  that  in  the  plants  which  are  herein  referred 
to  and  in  the  experimental  tests,  no  mention  has  been  made  of 
insulators  with  cups  containing  oil  for  reducing  the  surface  leak- 
age. Insulators  of  this  kind  were  used  in  the  Frankfort-Lauffen 
experimental  transmission  line  at  30,000  volts.  Practically,  how- 
ever, the  surface  insulation  is  adequate  without  oil  cups  and 
the  principal  duty  of  the  insulator  is  to  prevent  the  current 
passing  over  the  surface  and  jumping  to  the  pin  or  cross-arm, 
a  matter  with  which  the  oil  would  have  nothing  to  do. 

Telephone  lines  are  in  use  in  a  number  of  plants  placed  on  the 
poles  which  carry  the  transmission  wires.     The  telephone  lines 
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tre  usually  placed  some  distance  below  tlie  transmiBsioa  wires 
and  are  croaied  at  frequeot  mtervak.  The  teleplionee  in  gene- 
ral work  very  Batiefactorily. 

There  appears  to  be  practically  nothing  in  power  transmission 
in  Europe  using  high  potentials  oatside  of  Switzerland.  The 
installation  in  Paderno  in  Switzerland  is  operating  at  15,000 
volts,  the  highest  voltage  which  has  been  used  in  that  eonntry. 
The  damp  weather  is  one  of  the  limiting  factors.  The  insulators 
used  are  porcelain  with  a  triple  petticoat. 

40,000  Volts  in  Commercial  Skbvice. 


Pio.  16.— Insulator  nsed  at  Provo  for  4f>,00n  Tolts. 


The  highest  voltage  which  is  used  for  transiniesion  is  in  the 
Provo  plant  of  the  Telluride  Power  Transmi^ion  Company  in 
Utah,  which  transmits  power  35  miles  to  the  Mercur  mills  at 
40,000  volts.  Raising  transformers  are  three  in  number  and  are 
eoiinecteit  in  thestarform.  Each  transformer  has  a  capacity  of  250 
K.  w.  The  middle  points  of  both  the  high-tension  and  low-ten- 
sion circuits  are  grounded.  In  general  design  these  trans- 
formers resemble  the  transformers  used  in  the  high-tension 
tests  at  Telluride ;  the  design  and  construction  having  been  under 
the  direction  of  the  same  man  in   both  cases.     The  line  extends 
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from  Provo  at  an  elevation  of  4.500  feet  to  Mercur,  at  3,000  feet 
above  Provo,  and  the  line  readies  an  extreme  lieiglit  of  abont 
10,000  feet  above  the  aea  level.  Three  milea  of  the  line  are 
strictly  mountain  eonatniction.  Tlie  liglitnin;;  protection  is 
afforded  by  choke-coils  and  ^Vn^ts  tion-arcing  metal  arrester*. 
The  insulators  are  of  glass.  The  design  was  based  on  tlie  teets 
at  Telluride  and  they  were  made  especially  for  this  plant.  The 
form  is  shown  in  Fig.  16.  The  insulators  ai-e  held  on  special 
pine  of  oak  which  are  thoroughly  paraffined.  The  lower  part  of 
the  insulator  is  5"  above  the  cross-arm. 

In  dry  weather  there  has  been  no  difBcnlty  whatever  in  oper- 
ating.    The  insnlators  do  their  work  as  effectively  as  conld  be  ex- 


FlO.  i:  —Insulator  used  by  Coloraili)  Electric  Powpr  Company  for  30.000  volts. 

pectcd  if  the  voltage  were  only  a  few  thousand  volts.  When 
everything  is  dry,  the  line  will  operate  without  difficulty,  even  if 
some  of  the  insulators  are  off  and  the  wire  rests  upon  the  cross- 
arm.  When  it  rains  there  is  sometimeB  trouble.  It  is  indicated 
in  the  station  by  the  ammeters  giving  quick  swings,  showing  mo- 
mentarily strong  currents.  Sometimes  this  is  apparently  a  ahort- 
circuit  and  blows  a  fuse.  In  every  case  when  there  has  been 
trouble  on  the  line  it  has  been  in  rainy  weather,  and  broken  insula- 
tors have  been  funnd  which  located  the  trouble.  It  is  certain  that 
in  most  cases  these  have  been  previously  broken  by  bullets,  and  in 
other  cases  it  is  probable  that  the  insulators  were  likewise  broken. 
It  is  believed  therefore  that  had  there  been  no  intentional  break- 
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age  of  insulators  there  would  have  been  no  trouble  upon  the  line 
since  the  plant  began  operating  in  February  last.  A  few  of  the 
insulators  near  the  station  are  not  far  from  the  overflow  and  are 
in  a  moisture  equivalent  to  a  rain  all  the  time  without  doing  anj 
damage.  Snow  has  often  backed  from  the  cross-arm  up  against 
the  bottom  of  the  insulator  and  around  the  first  petticoat.  It  is 
usually  found  that  the  part  of  the  insulator  around  and  near  the 
wire  does  not  receive  deposits  of  moisture  or  frost  but  remains  dry, 
the  particles  being  repelled.  At  this  plant,  current  for  about 
700  H.  p.  is  carried  through  three  fuses  of  copper  wire  0.01" 
in  diameter.  Iron  wire  is  used  on  a  branch  line  for  trans- 
mitting about  100  H.  p.  for  about  3  miles. 

This  plant  has  been  in  operation  in  winter  and  in  summer^ 
"  in  thunder,  lightning  or  in  rain,"  the  sole  supply  of  power 
for  the  enormous  De  Lamar  mines  and  mills,  at  Mercur,  and  is 
a  happy  and  fitting  consummation  of  the  high-tension  tests  de- 
scribed in  the  beginning  of  this  paper. 

Limitations  of  High-Voltage  Transmission. 

The  important  commercial  question  is:  To  what  distance  can 
power  be  transmitted  ?  The  relation  between  distance  and  volt- 
age is  well  known.  The  same  weight  of  copper  can  transmit 
with  equal  efficiency  the  same  power  to  any  distance,  provided 
the  vpltage  is  increased  directly  as  the  distance  is  increased.  The 
limiting  commercial  ratio  between  voltage  and  distance  is  easily 
found.  If  the  distance  be  three  miles  per  1000  volts  and  the  loss 
16^,  the  cost  of  copper  is  about  $20.00  per  h.  p.  The  interest 
on  the  latter  investment  is  about  $1.00  per  year.  A  distance  in 
miles  equal  to  three  times  the  number  of  thousand  volts  may 
therefore  be  covered  without  an  excessive  annual  charge  per  h.  p. 
for  copper.  The  limits  to  the  voltage  which  are  practicable 
depend  principally  upon  the  insulator  and  upon  the  loss  between 
wires. 

The  Insulator — The  two  fundamental  requirements  are  dieleo^ 
trie  strength  sufficient  to  prevent  puncture,  and  a  size  and  form 
which  will  prevent  the  passage  of  the  current  around  the  insula- 
tor. A  given  insulator  will  be  adequate  for  a  higher  voltage 
where  the  atmosphere  is  comparatively  pure  and  dry,  than  it  will 
be  under  otlier  conditions.  The  rapid  progress  which  has  been 
made  in  the  design  and  construction  of  insulators  during  the  last 
few  years,  will  doubtless  provide  an  insulator  which  will  accom- 
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modate  the  highest  voltages  that  can  be  used  due  to  other  limita- 
tions. The  insulator  therefore  while  remaining  the  critical  point 
in  a  transmission  system  will  probably  not  determine  the  limit  of 
practicable  voltages. 

Lo8S  Between  Wires — The  loss  between  bare  wires  at  high 
voltages  seems  to  determine  a  positive  limit,  beyond  which  the 
voltage  cannot  be  increased.  This  loss  is  subject  to  variation 
due  to  diameter  of  wire,  distance  between  wires,  and  wave  form 
of  the  E.  M.  F.,  but  the  variations  which  may  occur  under  favor- 
able commercial  conditions  locate  the  point  of  increase  of  loss 
about  50,000  or  60,000  volts.  Under  favorable  conditions  this 
may  be  raised  somewhat,  but  it  is  not  probable  that  any  material 
increase  can  be  made. 

Amount  of  Power — The  amount  of  power  to  be  transmitted 
involves  some  interesting  commerci.il  limits.  There  ai*e  certain 
elements  in  a  transmission  which  do  not  vary  greatly  with  the 
amount  of  power  transmitted.  Thus,  the  charging  current  to  the 
line  will  be  practically  the  same  whether  the  wire  will  transmit 
1000  H.  p.  or  100  H.  p.  If  the  charging  current  happens  to  rep- 
resent 300  H.  p.  it  would  be  insignificant  in  one  case,  but  for  the 
smaller  output  it  would  require  generating  apparatus  several 
times  that  necessary  for  the  actual  power. 

It  is  not  mechanically  practicable  to  use  wires  as  small  as  would 
be  sufficient,  in  so  far  as  conductivity  is  concerned,  for  trans- 
mitting a  small  power.  For  example,  a  No.  7  copper  wire, 
which  is  as  small  as  is  ordinarily  used,  if  employed  in  a  3-phase 
circuit  fifty  miles  in  length,  will  transmit  over  1000  k.  w.  at 
40,000  volts  with  10^  loss.  If  only  a  few  hundred  kilowatts 
were  to  be  transmitted,  the  cost  per  k.  w.  would  be  excessively 
high,  and  on  the  other  hand  a  lower  voltage  could  be  used  with- 
out undue  loss.  In  some  cases,  indeed,  where  a  high  voltage  is 
used  for  small  power,  as  for  example  on  a  branch  circuit,  an  iron 
telegraph  wire  would  have  ample  conductivity.  In  other  cases 
an  aluminium  wire  could  be  used  to  advantage,  as  an  aluminium 
wire  of  the  same  conductivity  as  a  copper  wire  has  only  about 
half  the  weight,  and  possesses  greater  mechanical  strength  in 
comparison  to  its  weight. 

It  may  also  be  noted  that  high-voltage  transformers  cannot  be 
economically  built  for  small  output,  as  the  insulation  spaces  re- 
quired are  so  large.  The  cross-section  of  the  copper  is  often  not 
more  than  10  or  20  per  cent,  of  the  area  of  the  opening  in  the 
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iron.     The  cost  per  e.  w.  increases  very  rapidly  when  the  size  of 
transformer  falls  under  a  few  Imndred  k.  w. 

Cables  and  Conduits, — The  overhead  transmission  line  has 
been  considered,  and  its  limitations  are  the  insulating  strength  of 
the  insulator  and  the  losses  through  the  intervening  medium. 
In  a  cable  or  a  conduit  the  insulation  must  be  provided  continu 
ously  instead  of  at  points  a  hundred  feet  apart.  Rubl>er  covered 
cal)le8  are  made  for  10,000  and  20,000  volts  but  it  is  quite  possi- 
ble tliat  it  will  not  be  commercially  practicable  to  make  cables 
for  much  higher  voltages.  The  effect  of  continued  electric 
stresses  on  the  insulation  of  the  cable,  which  is  an  unknown  fac- 
tor, may  prove  to  be  a  very  important  one.  A  conduit  com- 
posed of  a  pipe  containing  oil,  in  which  the  wires  are  separated 
by  glass  tubes  has  been  proposed.  Many  mechanical  difficulties 
arise  in  constructions  of  this  kind  ;  the  cost  is  high  and  the  ac- 
tion of  continued  high  voltages  on  solids  and  liquids  opens  a 
Held  which  is  little  known.  A  suitable  insulation  on  the  wires 
on  high-voltage  lines  may  enable  higher  voltages  to  be  used  than 
can  be  used  with  a  bare  wire. 

Liquid  air  with  its  high  insulating  properties  and  the  low  tem- 
perature and  consequent  high  conductivity  which  it  would  give[to 
a  conducting  wire  may  enable  us  to  use  air  insulation  in  a  new  way. 

DtfficnltieH  and  Pri^cantionx, — High  voltages  have  been  re- 
ferred to  in  this  paper  with  perhaps  undue  familiarity.  Famili- 
arity with  high  voltages  is  not  one  which  breeds  contempt.  A 
voltage  which  can  produce  sparks  several  inches  in  length,  which 
can  be  felt  through  several  feet  of  air,  which  causes  hissing 
sounds,  which  produces  luminosity  and  which  in  a  confined  room 
generates  strong  odors  of  ozone,  is  one  which  creates  profound 
res])ect.  Dangers  and  difficulties  accompany  it  and  the  highest 
intelligence,  vigilance  and  excellence  must  lie  employed  to  avoid 
accident  and  ensure  success.  While  ordinary  types  of  construc- 
tion do  not  seem  to  reach  their  limitations  until  some  50,00u  volts 
is  reached  and  pressures  of  this  order  have  been  and  are  in  regu- 
lar use,  nevertheless  they  are  not  to  be  used  indihcriminately  or 
\vhere  they  can  be  avoided.  There  are  difficulties  enough  in 
handling  15,000  and  20,000  volts.  As  the  pressure  is  raised  the 
liabilities  to  trouble  increase  at  an  alarming  rate.  It  is,  however, 
a  fact  that  these  voltages  have  been  and  can  be  used,  and  also 
that  no  new  or  modified  methods  of  transmission  will  be  required 
before  50,000  or  00,000  volts  can  be  employed  for  di&tw\vi.^%  nx^ 
to  150  or  200  miles. 
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APPENDIX  A. 

lM61SnMBNTB    AND   MbTHODS  UbBD  IS  TbLLUBIDE  MeASDBEHENTS. 

[Extract  from  report  of  Hr.  Merahon.] 
"  The  WaUmttan—At  firat,  ail  the  meMurements  of  power  w«re  mads  in 
the  low-tension  eircuit.  The  ettempta  to  meuura  the  power  delivered  to  the 
line  by  takiuft  the  diflerenoe  in  the  readings  of  the  wattmeter  in  the  low-ten- 
■ion  circuit  of  the  trMuformers  when  the  lines  were  on  and  when  the;  were  off, 
prored  wone  than  nwlees.    This  was  due  to  the  fact  that  throwing  on  the 
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lines  distorted  the  b.  v.  v.  wave  impressed  on  the  transformer.  As  a  result,  at 
low  Toltages,  readings  obtained  in  this  way  indicated  a  negative  line  loss,  and 
it  was  only  when  the  voltage  was  raised  to  such  a  point  that  the  line  losa  wa* 
greater  than  the  reduction  in  iron  loss,  due  to  the  i.  n.  f.  distortion,  that  posi- 
tive results  could  be  obtained ;  unab  results  were  of  course  incorrect.  In  order 
to  overcome  this,  it  was  determined  to  balance  on  the  wattmeter  the  effects  of 
the  iron  loss  in  one  of  the  power  trnnsformers  against  that  of  the  other  in  such 
a  manner  that  both  transformers  would  be  subject  to  the  same  t.  h.  f.  diator- 
tion,  and  the  iron  loss  wonld  therefore  at  no  time  register  anything  on  the 
wattmeter.  The  line  loss  oould  then  be  measured  directly.  This  wat  aooom- 
pUMbed  AS  ia  shown  io  Fig.  1 8. 
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"  Here  the  transformer  which  supplies  the  line  is  designated  as  the  '  power 
transformer*,  while  that  which  is  used  in  balancing  the  iron  loss  of  the  power 
transformer  is  called  the  *  balancing  transformer*.  As  was  stated  in  the 
description  of  the  transformers,  the  power  transformer  has  four  of  its  low- 
tension  coils  in  multiple  for  receiving  power,  while  the  fifth  or  middle  low- 
tension  coil  is  independently  used  in  connection  with  the  measuring  instru- 
ments. This  middle  coil  of  each  transformer  is  shown  in  the  sketch,  and  it  is 
through  these  coils  that  the  balancing  transformer  receives  its  voltage.  That 
is,  one  third  of  the  middle  coil  of  the  power  transformer  feeds  one-third 
of  the  middle  coil  of  the  balancing  transformer.  With  such  an  arrange- 
ment,  the  balancinf^  transformer  receives  practically  the  same  wave  form 
as  that  impressed  upon  the  balancing  transformer,  no  matter  what  the  amount 
of  wave  form  distortion  may  be.  a  is  the  field  coil  of  the  wattmeter.  It  has 
two  windings.  Through  one  of  them,  the  primary  winding,  passes  the  current 
to  the  power  transformer;  throusrh  the  other,  the  secondary  winding,'  passes  the 
balancing  current — the  current  to  the  balancing  transformer.  As  these  cur- 
rents are  in  opposite  directionsin'their'respective  windings,  when  adjusted  to  the 
proper  values,  their  effects  on  the  shunt  coil  of  the  wattmeter  annul  each  other. 
It  is  evident  that  if  a  only  were  used,  a  balance  for  iron  loss  when  the  lines 
were  off  would  not  necessarily  mean  a  balance  when  the  lines  were  on,  because 
the  change  in  current  due  to  putting  the  lines  on  would  (!ause  a  change  in  the 
reactance  E.  m.  f.  of  the  secondary  of  the  wattmeter  field  coil,  and  consequently 
a  change  in  the  balancing  current  through  this  secondary.  The  air  transformer 
B  is  therefore  used:  b  is  preferably,  but  not  necessarily,  exactly  similar  to  the 
field  coil  A,  and  supplies  an  b.  m.  f.  in  its  secondary  exactly  equal  to  and  in 
step  with  that  of  the  secondary  of  a.  These  two  secondaries  are  connected  in 
series,  so  that  their  e.  m  f.*s  oppose,  and  through  them  both,  is  sent  the  bal- 
ancing current.  The  secondaries  of  a  and  b  are  not  connected  directly  in  series 
with  the  circuit  connecting  the  middle  coils  of  the  power  transformer  and  bal- 
ancing transformer,  but  are  included  in  this  circuit  through  the  medium  of  a  series 
transformer,  c.  '  c  makes  possible  the  adjustment  of  the  balancing  current  to 
the  value  necessary  for  zero  wattmeter  reading  when  the  lines  are  off,  and  it,  or 
some  equivalent  device,  is  necessary  because  of  the  impossibility  of  securing 
two  transformers  with  exactly  the  same  iron  loss.  Indeed,  in  this  particular 
case  the  ratio  of  the  hysteresis  to  the  Foucault  current  loss  differed  sufftciently 
in  the  two  transformers  to  necessitate  adding  in  shunt  to  one  of  them  anohmic 
resistance  which  made  up  for  the  lack  of  Foucault  current  loss  in  it.  This 
method  of  reading  power  is,  if  properly  carried  out,  a  most  admirable  one.  and 
has  the  advantage  that  the  instruments  to  be  handled  are  all  in  the  low. tension 
circuit.  The  balance  may  be  obtained  without  difftculty,  and  when  once 
properly  obtained  holds  through  all  ranges  of  voltages  and  distortions  of  wave 
form.  Tests  of  this  balance  were  made  repeatedly  with  the  lines  off,  by  varying 
the  impressed  e.  m.  f.  through  wide  ranges  and  distorting  the  e.  m.  f.  wave,  the 
distortion  being  produced  by  introducing  in  series  with  the  power  transformer 
large  amounts  of  both  resistance  and  reactance.  In  every  case  the  balance  was 
perfectly  preserved.  There  is  one  drawback,  though  not  a  serious  one.  to  the 
meliiod  as  here  employed.  The  power  transformer,  because  of  the  load  upon 
it,  heats  up  faster  than  the  balancing  transformer,  and  the  balance  is  in  con- 
sequence impaired.  The  amount  of  unbalancing  is,  however,  small,  even  for 
wide  difference  of  temperature,  and  it  can  be  easily  corrected  for  by  means  of 
zero  readings  taken  before  and  after  a  set  of  observations.     This  unbalanc  ng. 
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du«   Ui  UDequal   heating,  could   be   rendered   negligible   b^  placing  tbe  power 
transloimer  ftad  the  balanciog  transFormer  in  the  same  Unk  of  oil. 

"  Althoagh  in  this  esse  the  balancing  trsasFormer  wu  of  the  same  size  as  the 
power  transformer,  it  may  be  much  smaller,  though  both  traneforrners  should 
be  worked  at  the  same  induction.  Of  course  it  is  not  ne<«Bsary  that  the  bal- 
ancing transformer  have  a  full  set  of  windings.  Ii  need  ou\j  have  a  coil  suit- 
able for  receiving  B.  M.  r.  impressed  upon  it. 

'■  The  wauineter  actually  used  in  this  work  (shown  in  Figure  19)  consist*  of 
a  field  coil  so  mounted  that  a  Weston  wattmeter  can  be  slid  in  and  out  of  it, 
and  diEferent  ranges  thus  obtained.  The  scale  originallj  on  the  wattmeter  was 
replaced  by  one  of  equal  parts.  The  wattmeter's  own  Beld  coil  is  not  used  at 
all,  the  field  being  supplied  wholly  bf  the  large  external  field  bobbin.  Tha 
voltage  impressed  upon  the  wattmeter  shunt  coil  waa  at  first  obtiiined  from  the 
auto-transformer  abova  men- 
tioned, but  later  it  was  ob- 
tained directly  from  one-third 
ol  the  middle  coil  of  the  power 
ttanstormer  by  the  use  of  an 
addition  ul 

plier-  The  winding  of  the  field 
bobbin   consists  of    73    turns 


TiD.  19.— Wattmeter  with  External  coil,  used  in  Tests  at  Telluride. 

of  a  cable  composed  of  seven  No.  8  double  cotton-covered  magnet  wires  which 
were  twisted  together  after  having  been  separately  treated  with  '  P  &  B  '  insu-   . 
latingcompouud. 

"  The  wires  are  brought  out  separately  to  terminals  on  the  top  of  the  bobbin, 
and  can  ba  used  singly  or  in  any  desired  series  or  multiple  combination.  They 
were,  for  this  work,  connected  up  into  two  sets,  forming  the  primary  and  sec- 
ondary of  the  wattmeter  coil.  Tlie  size  of  this  field  coil,  necessitated  by  the 
size  of  the  wattmeter  box,  gives  it  n  large  reactance,  and  as  this  has  added  to  it 
theequal  reoctanceot  theair  transformer,  the  reactanceof  the  combination  iscon- 
siderable.  This  is  objectionable  because  of  the  consequent  distortion  of  tha 
generator  e.  h.  f.  wave,  tor  though  the  results  obtained  under  these  conditions 
are  accurate,  they  are  in  tome  cases  the  results  of  conditions  differing  widely 
from  those  which  will  ordinarily  be  met  with  in  practice.     The  combined  react- 
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ance  of  the  field  coil  and  the  air  transformer  at  a  frequency  of  60,  when  passing 
a  current  taken  by  a  power  transformer  supplying  the  line,  is  2.83.  The  cur- 
rent used  in  obtaining  this  figure  probably  differed  somewhat  from  a  sine  wave. 
If  the  wattmeter  were  specially  constructed  with  a  view  to  this  work,  the  move- 
ment being  surrounded  as  closely  as  possible  by  the  protecting  case,  the  exter- 
nal field  coil  into  which  the  movement  projected  could  be  made  small  enongh 
to  reduce  the  reactance  to  a  negligible  quality.  In  designing  a  wattmeter  for 
this  work,  it  should  be  borne  in  mind  that  it  must  measure  under  the  condition 
of  a  very  small  power-factor. 

"  In  these  notes  the  term  *  Weston  wattmeter*  is  meant  to  include  the  field 
bobbin  of  the  wattmeter  and  the  air  transformer  used  in  connection  with  it. 

**  After  the  above  wattmeter  had  been  in  use  for  some  time,  another  was 
obtained  for  use  in  the  high-tension  circuit.  It  is  a  Thomson  inclined-coil 
instrument,  whose  field  coil  was  rewound  for  this  work.  In  connection  with 
this  wattmeter  are  two  external  resistances — the  one  with  a  resir^tance  of  1,202,- 
300  ohms,  for  use  in  series  with  the  shunt  circuit  of  the  wattmeter;  the  other 
with  a  resistance  of  3,495  ohms,  being  equal  to  that  of  the  wattmeter  shunt 
circuit  and  intende<l  for  use  in  shunt  to  the  latter,  in  which  case  the  wattmeter 
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Fig.  20. 


shunt  coil  receives  only  one-half  of  the  current  in  the  shunt  circuit.  When  in 
use,  the  case  of  the  wattmeter  was  connected  to  one  of  the  wattmeter  shunt 
terminals,  so  that  the  inside  and  case  of  the  wattmeter  were  always  at  the  same 
potential  and  the  case  formed  a  screen  against  any  external  electro-static 
effects.  This  wattmeter  was  of  considerable  value  as  furnishing  a  means  of 
studying  the  effect  of  the  distortions  due  to  the  Weston  wattmeter,  and  also  to 
the  readings  at  low  frequency,  since  in  the  latter  case,  it  was  necessary  to  use 
both  transformers  as  power  transformers,  which  left  nothing  for  use  as  a  bal- 
ancing transformer.  In  the  notes  this  wattmeter  is  designated  as  Thomson 
wattmeter. 

'*  The  Ammeter* — The  ammeters  used  were  two  Thomson  inclined-coil  instru- 
ments. They  had  a  capacity  of  one-half  and  two  and  one-half  amperes 
respectively.  They  were  put  directly  into  the  higli-tension  circuit,  the  cases 
being  connected  to  one  terminal  of  the  instrument. 

* '  Th4  Wave  Farm  ApparcUiis — The  method  of  taking  wave  forms  was  that 
devised  and  published  by  the  writer,  [Mr.  Mershon],  in  1891.  It  is  an  instan- 
taneous potentiometer  method,  employing  a  telephone  receiver  to  indicate  a 
balance.     The  connettions  are  those  shown  in  Pig.  20. 
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"A  0  is  the  source  of  the  alternating  s.  m.  f.,  whose  wave  form  is  to  be 
plotted,  8  is  a  double-pole  switch  for  reversing  the  alternating  current  ter- 
minals, c  is  the  usual  instantaneous  contact  device,  t  is  a  telephone  receiver. 
Y  M  is  a  D.  c.  voltmeter— in  this  case  the  Weston  laboratory  standard,  r  is  a 
resistance  along  which  the  contact  p  can  be  moved,  d  c  is  a  source  of  direct 
current — in  this  case  a  direct  current  dynamo  feeding  the  resistance  r.  The 
oontaot  0  being  set  at  any  desired  point,  the  value  of  the  b.  m.  f.  at  the  instant 
of  contact  is  determined  by  moving  p  backward  or  forward  until  there  is  no 
sound  in  the  telephone  t.  The  reading  of  the  direct-current  voltmeter  v  m 
gives  the  desired  value.  The  e  m.  f.  a.  c  was  obtained  from  the  same  source  as 
the  B.  M.  F.  for  the  a.  g.  voltmeter,  t.^.,  from  an  auto-converter  connected  across 
one-third  of  the  middle  coil  of  the  power  transformer. 

**The  Speed  Indication — The  indication  of  proper  speed,  or  rather  frequency, 
was  obtained  from  the  vibration  of  a  weighted  steel  wire  hung  in  front  of  the 
poles  of  an  alternating  electro-magnet  energized  by  the  machine  supplying  power. 
The  wire  always  vibrated  at  the  frequency  for  which  the  suspended  weight  was 
adjusted,  and  ceased  to  vibrate  when  there  was  any  appreciable  deviation  from 
this  frequency." 


APPENDIX  B. 

Calculated  Chakqinq  Current  to  two  Parallel  Wires. 
Lbngth,  Onb  Mile;  10,000  Volts;  Sine  Wave. 

The  charging  current  to  a  single-phase  line  one  mile  long  has  been  calculated 
from  the  formula  for  capacity  between  wires  and  on  the  assumption  that  the 
B.  M .  F.  is  a  sine  wave.  The  results  are  given  for  several  cases  and  as  the  varia- 
tions between  the  quantities  given  are  not  very  great,  intermediate  values  can 
be  readily  interpolated.  The  current  varies  directly  as  the  length  of  line,  the 
YOltage  and  the  frequency. 


Size  of  Wire— B  &  S. 

No.  8 

No.  4 

An 

No.  I               No.  0000 

1*  diam. 

Distance   betvreen 
centers  of  Wires, 

la  inches. 

a4        " 
48        - 

la  inches 
48 

iperes  at  60  cycles. 

.03a 

.oa84 

.oasa 

.035 
.0309 

.oa74 

.038 

.03a8 

.oa9 

.0414 
.0362 
.0313 

.053 
.043 
.0369 

Amperes  at  as  cycles. 

.oi3| 
.0x18 
.0105 

0146 
.01  ao 
.0118 

0158 
.0137 
.oiai 

.017a 
.0151 
.0130 

.oaai 
.0179 
.0154 

AMERICAN  INSTITUTE  OF  ELECTRICAL 

ENGINEERS. 


New  York,  September  28tli  1898. 

The  127th  meeting  of  the  American  Institute  of  Electrical 
Engineers  was  held  this  date  at  12  West  31st  Street,  and  was 
called  to  order  by  President  Kennelly  at  8:20  P.  M. 

The  Secretary  read  the  following  names  of  associate  members 
elected  at  the  meeting  of  Council  in  the  afternoon. 

Name.  Address.  Endorsed  by 

Carter,  Frederick  William  Lecturer  in  Eleotrioal  Tech-  Edwin  J.  Houston. 

nology,  City  and  Guilds  of  Lon-  A.  E.  Kennelly. 

don  Institute;  Exhibition  Road,  A.  J.  Rowlana. 
London,  S.  W. 

Coleman,  Walter  H.   Supt.    and    Treasurer.     Andover    Chas.  B.  Burleigh. 

Electric  Co.,  Andover,  Mass.  Sidney  B.    Paine. 

C.  D.  Haskins. 

DoHERTY,  IIrnrt  L.      General    Manager  and  En^neer,    M.  C.  Beebe. 

Madison  Gas  and  Eleotnc  Co.,    D.  C.  Jackson. 
Madison.  Wis.  C.  F.  Burgess. 

Frank,  Geo.  W.,  Jr.    Secretar?,  Treasurer  and  General    J.  G.  White. 

Manager,  The  Kearney  Electric    W.  F.  White. 
Co.,  Kearney,  Neb.  D.  0.  Jackson. 

Mansfield,  R.  H.,  Jr.  Electrical  Engineer  and    General    H.  Ward  Leonard. 

Manager,  Ward  Leonard  Electric    F.  S.  Holmes. 
Co.,  Bronxville,  N.  Y.  P.   A.  Pickemelh 

Miller,  Kbmpster  B.    Chief  Electrician,   Western  Tele-    S.  G.  MoMeen. 

phone     Construction     Co.,     SS    Fred'k  Bedell. 
Elaine  Place,  Chicago,  111.  Harris  J.  Ryan. 

RosENBUScH,  Gilbert   Engineer,   Sprague   Electric    Co.,    Frank  J.  Sprague. 

South  Orange,  N.  J.  Philip  Torchio. 

R.  W.  Pope. 

Thompson,  John  West  Supt.    Cia.  de  Luz'y  Fuerza  Mo-    F.  A.  C.  Perrine. 

triz      Electrica,      Guadalajara,    F.  V.  T.  Lee. 
Mexico.  F.   E.  Theberath. 

Tripier,  Henri  Counsel    and  Technical  Ensineer,    Cha:»  LeBlanc. 

of    the  Campagnie   des    Trans-    Ralph  W.  Pope, 
ports  Electriques  del  Exposition,     W.  J.  Hammer. 
Paris,  France;  residence,   16  rue 
Ganneron,  Paris,  France. 
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Wagner,  Herbbrt  A  .Gen.  Sopt..  Missouri  Edison  Elec-  T.  G.  Martin. 

trie  Cfc,   and  also  with  Wagner  Joseph  Wetzler. 

Electric  Mfg.   Co.,   415  Locust  Wm.  E.  Geyer. 
St.,  St.  Louis,  Mo. 

Williams,  William  Henry    Professor  of  Mechanical  and    D.  0.  Jackson. 

Electrical  Engineering,  Montana    S.  B.  Fortenbaugb 
State  College,  Bozeman,  Mont.       F.  R.  Jones. 

ToUlll. 

Thk  Frksidknt  : — The  paper  for  the  evening  is  on  the  "  Pho- 
tometry of  the  Enclosed  Alternating  Arc,"  and  copies  of  the  paper 
are  already  in  your  hands.  We  are  not  fortunate  enough  to  have 
Prof.  Matthews  with  us,  but  the  Secretary  will  kindly  read  the 
paper  on  his  behalf. 


A  >«/#r  prttttatd  Mi  iJU  i^tk  Meeting  0/  the 
Americmu  InsMut*  0/  Elttiricmi  Engimeers^ 
Niw  York,  Septembtr  jAA,  /A^,  Fretident 
KemmeUy  in  the   Chair. 


THE    PHOTOMETRY    OF    THE    ENCLOSED 

ALTERNATING  ARC. 


BY  (  HAKLK6  P.  MATTHEWS,    W.  H.  THOMPSON  AND  J.  E.   HILBISH. 


LVTRODUCTOKY. 

The  enclosed  arc  of  the  direct  current  tyi)e  has  received  a. 
noteworthy  development  at  the  hands  of  Marks^  and  subsequent 
workers.  It  has  been  the  subject  of  more  or  less  exi>eriinental 
study  by  Houston  and  Kennelly,  PVeedman,"^  Hesketh,'  Nichols* 
and  a  number  of  otiiers  on  both  sides  of  the  Atlantic.  The  en- 
closed arc  of  the  alternating  current  ty])e  is  of  somewhat  more 
recent  development  and  has  received  less  attention  exj>erimen- 
tally.  It  was  with  the  thought  of  observing  something  of  the 
behavior  of  this  latter  type  of  illuminant  that  the  data  of  tlie 
folh)wing  pages  were  taken. 

TiiK  Photometry  of  the  Aec\ 

Arc  light  photometry,  in  so  far  as  it  involves  the  mere  deter- 
mination of  luminous  intensity'  yields  unsatisfactory  results  for 
three  chief  reasons  :  Tlie  first  of  these  is  the  marked  difference 


1.  London  EUciririan,  xxxviii,  615;  March  5,  1897.  See  also  "  Proc.  Elec- 
trical Congress,"  Chicago,  1893. 

2.  Transactions,  xiv,  361;  August.  1897. 
8.  London  Electrician^  xxxTiii.  798 

4.  S\b\ej  Journal  of  Enginfering,  xi.  368;  June,  1897. 

5.  That  our  photometric  nomenclature  needs  standanlizing  can  not  be 
doubted.  The  quantity  that  has  been  called  candle-power  is  hardly  appropriate 
if  the  Hefner  unit  be  used.  If  we  have  arrived  at  the  parsing  of  the  candle, 
sliould  not  candle-pouer  go  ?  This  same  quantity  is  variously  st.ylcd  inteneity, 
total  intemity  (Palaz.,)  luminous  inteneity  and  brighineu  (Nichols).  The  unit 
nf  Wuiitination  also  goes  by  several  names. 
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in  qnalitj'  between  tlie  liglit  of  the  arc  and  that  of  any  of  the 
ordinar;  etandards.  The  photometrist  realizes  the  generally  ud- 
satiafactorj  character  of  the  existing  Htandards'  for  the  study  of 
sources  of  a  quality  similar  to  that  of  gas  light.  Nevertholese, 
he  is  vastly  better  off,  in  thie  respect,  than  he  is  in  the  matter  of 
a  standard  of  suitable  quality  and  intensity  for  arc  light  meas- 
urement. The  eye  estimates  accurately  au  equality  of  brightuei<s 
in  two  surfaces,  only  when  those  surfaces  are  of  the  same  tint. 
Moreover,  with  a  color  difference,  the  judgment  of  an  equality 
-differs  with  different  obaervere.  It  shoald  be  said,  however, 
that'the  difiiculty  arising  from  difference  of  color  is  less  trouble- 


some in  the  case  of  the  enclosed  arc  than  in  the  case  of  its  pro- 
genitor, the  open  arc.  The  inner,  opalesceut  globe  absorbs  the 
rays  of  short  wave-length  in  greatest  proportion,  a  fact  which 
brings  the  color  of  the  arc  nearer  that  of  the  standard.  When 
an  outer  globe  of  milk;  glass  is  used — the  standard  being  a  glow 
lamp  maintained  at,  or  above,  its  normal  voltage — there  is  no 
annoyance  from  color  difference. 

The  second  obstacle  to  careful  measurement,  is  to  be  found  in 
the  variability  of  the  quantity  to  be  measured.  These  variations 
are  largely  due  to  the  wandering  condition  of  the  arc — a  pecn- 
liarity  that  is  especially  noticeable  in  the  open  alteruating  arc, 

0.  S«e  rajmrt  of  Nichuls,  Shar[i  and  Hktthews,  TftiMsicTioys,  ziii.  p.  133, 
Usf ,  189a. 
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and  in  both  types  of  the  enclosed  are.  Indeed,  it  is  to  thifr 
feature  of  tlie  enclosed  arc  that  the  flat-ended  carbons  are  due* 
The  change  in  luminous  intensity  corresponding  to  a  shifting 
in  the  position  of  the  arc  from  one  side  of  the  carbons  to  the 
other  side  is  enormous.  Curves  of  horizontal  intensity  showing 
the  magnitude  of  these  changes  have  already  been  published^.. 
An  attempt  to  get  at  the  intensity  of  such  a  source  by  a  few 
readings  might  easily  lead  to  results  discordant  by  100  per 
cent,  or  more.  The  only  hope  of  securing  a  result  that  will 
show  the  mean  intensity  of  the  arc  is  in  taking  a  large  number 
of  settings,  distributed,  as  to  time,  with  some  degree  of  uni- 
formity.  To  accomplish  this  it  would  seem  desirable  to  do  away 
with  the  considerable  and  variable  interval  of  time  used,  in  th© 
ordinary  process,  in  reading  the  bar.  This  end  was  reached  by 
the  use  of  a  mechanical  device  for  recording  a  setting  as  soon  as  it 
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is  made.  The  essentials  of  this  device  will  be  readily  understood 
from  an  inspection  of  Fig.  1.  Its  collateral  advantages,  for  the 
study  of  personal  error  and  for  other  photometric  uses,  have 
been  dwelt  upon  in  a  note  published  elsewhere*.  For  our  pres- 
ent purpose,  it  is  sufficient  to  point  out  that  it  permits  the 
observer  to  keep  his  eye  continually  trained  on  the  photometer 
disk,  60  that  all  the  major  fluctuations  may  be  readily  followed 
and  recorded,  and  this,  too,  without  the  visual  fatigue  resulting 
from  introducing  light  into  the  photometer  room.  The  act  of 
depressing  the  rod  r  makes  a  permanent  record  on  the  paper  sur- 
rounding the  drum,  and  at  the  same  time  advances  the  drum  so 
that  the  record  may  be  subsequently  identified. 

The  inaccuracy  of  photometric  settings,  due  to  the  causes  just 
mentioned,  is  perhaps  more  a  question  of  process  than  of  prin- 


7.  Nichols,  loc.  eit, 

8.  Matthews.     Ourrent  number  of  the  Phytieal  Revieto. 
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ciple.  There  is  a  third  aod  more  fundamental  Bouree  of  trouble 
— one,  indeed,  which  brings  into  question  the  validity  of  the 
term  "candle-power"  as  a  measure  of  worth  in  illuminants. 
For  the  sake  of  clearness,  let  us  first  consider  what  the  term 
means.  A  1f>  c.  p.  lamp,  for  example,  is  one  that  produces  at  a 
distance  of  four  units  the  same  illumination  that  one  candle 
produces  at  one  unit.  That  is,  if  two  similar  surfaces  be  illu- 
minated separately  by  these  two  sources  at  these  distances,  and 

if  they  be  viewed  in  juxtaposition  from  the  same  direction,  they 
appear  equally  bright.  This  is,  in  fact,  what  the  photometer 
shows,  and  is  really  all  that  can  be  affirmed  as  a  result  of  the 
comparison.  Having  established  a  distance  ratio  of  4:1,  the 
observer  applies  the  law  of  inverse  square  to  calculate  an  in- 
tensity ratio  of  IH  :  1.  This  intensity  ratio  is  nuni4>ricaUy  equal 
to  the  illumination  ratio  on  two  surfaces  at  unit  distance,  but  it 
is  important  to  note  that  an  observer  would  be  (juite  unable  to 
assign  a  numerical  value  to  the  relative  illumination  of  these 
surfaces.  In  other  words,  the  optical  stimulus  varies  as  the 
inverse  square,  but.  by  Fechners  law,  the  sensation  varies  as  the 
logarithm  of  the  stimulus — a  fact  of  which  we  can  not  take 
direct  cognizance.  Thus  the  intensity  or  "  candle-power ''  ratio 
of  two  sources  is  a  derived  quantity,  of  indirect  significance, 
whose  chief  value  is  to  be  found  in  the  fact  that  it  enables  one 
to  calculate  an  indefinite  number  of  pairs  of  distances,  at  each  of 
which  will  be  found  an  equtdlfii  (ff  illuiHitiatwn,  If  two  sources 
be  compared  by  some  method  which  takes  account  of  their 
quality  and  which  gives  as  a  result  the  mtio  of  their  total 
luminosities— determined,  sav  by  the  relative  value  of  their  com- 
ponent  rays  in  distinguishing  characters — something  quite  diiler- 
ant  from  their  "candle-power'' ratio  ma3M)e  obtained.  These 
matters  have  alrea<ly  been  brought  to  the  attention  of  the  mem- 
bers of  the  Institi'tk  by  Nichols^     Fortunately  the   luminosity 

ratio  of  sources  of  nearly  the  same  color,  is  not  widely  different 
from  their  intensity  ratio.  Hence  it  is  to  be  hoi>ed  that,  in  the 
acetylene  Hame  or  some  similar  source,  we  shall  soon  have  a  suit- 
able standard  for  the  photometry  of  the  arc 

Adji'stmrnt  and  Standakdization  of  Appakati's. 

For  the  photometric  measurements,  a  Kriiss-Bunsen  photom- 
eter was  used.  The  method  adopted  was  the  usual  one  of  a 
swinging  crane  in  connection  with  a  45°  mirror.      The  total  dis- 

9.  Trassactions,  vi  :  158,  May,  1SS9. 
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tance  between  sources  was  829  cm.  The  coeflScient  of  reflection 
of  the  mirror  was  determined  by  the  use  of  two  glow  lamps  con- 
nected in  multiple.  The  lamp  nearest  the  mirror  was  mounted 
at  the  end  of  an  arm  capable  of  being  swung  through  an  angle 
of  90^,  as  indicated  in  Fig.  2.  This  arrangement  maintains  the 
same  length  of  bar  with  and  without  the  mirror — a  fact  which 
makes  for  simplicity  in  the  calculations.  For  the  coefficient  of 
reflection  the  flrst  values  obtained  by  three  different  observers 
were : 

H,  .828         T,  .826         M,  .82 

An  inspection  of  the  image  of  the  arc  in  the  mirror  gave  rise 
to  the  belief  that  the  absorption  of  the  luminous  rays  was  in 
some  degree  selective — an  undue  proportion  of  the  violet  rays 
being  taken  up.  Were  this  the  case,  the  value  of  the  coefficient 
determined  by  glow  lamps  would  be  incorrect  for  use  with  the 
are  itself.  To  test  this  matter,  the  electromotive  force  on  the 
lamps  was  varied  through  a  wide  range  an<i  a  determination 
made  for  each  change.     The  valaes  found  were  : 

TABLE  I. 

Volts  on  Lampi.  Reflecting  Power. 

95 824 

106 806 

112 785 

117 800 

122 789 

127 836 

182 808 

187 825 

Although  the  change  in  the  quality  of  the  light  was  very  marked 
in  this  experiment,  the  results  do  not  indicate  any  regular  change 
in  the  coetticient  of  reflection  such  as  was  looked  for.  Hence, 
in  all  subsecjuent  measurements,  the  mean  of  these  various  deter- 
minationit,  namely  .814,  was  used. 

The  standard  source  was  a  glow  lamp ;  it  was  referred  after 
each  test  to  the  Hefner  lamp.  Electrical  measurements  were 
made  by  various  portable  voltmeters,  ammeters  and  wattmeters, 
all  of  which  were  repeatedly  referred  to  Kelvin  balances. 

Kesults  on  thk  Alternating  Arc. 

A  number  of  enclosed  arc  lamps,  in  their  commercial  form, 
were  kindly  placed  at  the  disposal  of  the  writers  by  their  reapec* 
tivc  manufacturers.     As  this  paper  has  no  other  object  tVi%:ci  \x^ 
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ciple.  There  is  a  third  and  more  fundamental  source  of  trouble 
— one,  indeed,  which  brings  into  question  the  validity  of  the 
term  "candle-power"  as  a  measure  of  worth  in  illurninants. 
For  the  sake  of  clearness,  let  us  first  consider  what  the  term 
means.  A  1  fi  c.  p.  lamp,  for  example,  is  one  that  produces  at  a 
distaiice  of  four  units  the  same  illumination  that  one  candle 
produces  at  one  unit.  That  is,  if  two  similar  surfaces  be  illu- 
minated separately  by  these  two  sources  at  these  distances,  and 

if  they  be  viewed  in  juxtaposition  from  the  same  direction,  they 
appear  equally  bright.  This  is,  in  fact,  what  the  photometer 
shows,  and  is  really  all  that  can  be  affirmed  as  a  result  of  the 
comparison.  Having  established  a  distance  ratio  of  4:1,  the 
observer  applies  the  law  of  inverse  square  to  calculate  an  in- 
tensity ratio  of  IH  :  1.  This  intensity  ratio  is  nunwricaUy  equal 
to  the  illumination  mtio  on  two  surfaces  at  unit  distance,  but  it 
is  important  to  note  that  an  observer  would  be  quite  unable  to 
assign  a  numerical  value  to  the  relative  illumination  of  these 
surfaces.  In  other  words,  the  optical  stimulus  varies  as  the 
inverse  square,  but.  by  Fechner's  law,  the  sensation  varies  as  the 
logarithm  of  the  stimulus — a  fact  of  which  we  can  not  take 
direct  cognizance.  Thus  the  intensity  or  ''candle-power''  ratio 
of  two  sources  is  a  derived  quantity,  of  indirect  significance, 
whose  chief  value  is  to  be  found  in  the  fact  that  it  enables  one 
to  calculate  an  indefinite  number  of  pairs  of  distances,  at  each  of 
whicii  will  be  found  an  eqiudlfy  of  iUunnnution,  If  two  sources 
be  compared  by  some  method  whicli  takes  account  of  their 
quality  and  which  gives  as  a  result  the  ratio  of  their  total 
luminosities— determined,  say  b}'  the  relative  value  of  their  com- 
ponent rays  in  distinguishing  characters — something  quite  differ- 
ent from  their  "ciindle- power'' ratio  ma}' be  obtained.  These 
matters  have  already  been  brought  to  the  attention  of  the  mem- 
bers of  the  Institi.'tk  by  Xicllols^     Fortunately  the   luminosity 

ratio  of  sources  of  nearly  the  same  color,  is  not  widely  different 
from  their  intensity  ratio.  Hence  it  is  to  be  hoped  that,  in  the 
acetylene  Harne  or  some  similar  source,  we  shall  soon  have  a  suit- 
able standard  for  the  photometry  of  the  arc 

Adjustment  and  Standardization  of  AppAKATrs. 

For  the  i>hotometric  measurements,  a  Kriiss-jiunsen  photom- 
eter was  used.  The  method  adopted  was  the  usual  one  of  a 
swinging  crane  in  connection  with  a  45°  mirror.      The  total  dis- 

9.  Trassaotions,  vi  :  158.  May,  1S89. 
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tance  between  sources  was  829  cm.  The  coefficient  of  reflection 
of  the  mirror  was  determined  by  the  use  of  two  glow  lamps  con- 
nected in  multiple.  The  lamp  nearest  the  mirror  was  mounted 
at  the  end  of  an  arm  capable  of  being  swung  through  an  angle 
of  90^,  as  indicated  in  Fig.  2.  This  arrangement  maintains  the 
same  length  of  bar  with  and  without  the  mirror — a  fact  which 
makes  for  simplicity  in  the  calculations.  For  the  coefficient  of 
reflection  the  first  values  obtained  by  three  different  observers 
were : 

H,  .82S         T,  .826         M,  .82 

An  inspection  of  the  image  of  the  arc  in  the  mirror  gave  rise 
to  the  belief  that  the  absorption  of  the  luminous  rays  was  in 
some  degree  selective — an  undue  proportion  of  the  violet  rays 
being  taken  up.  Were  this  the  case,  the  value  of  the  coefficient 
determined  by  glow  lamps  would  be  incorrect  for  use  w^ith  the 
arc*  itself.  To  test  this  matter,  the  electromotive  force  on  the 
lamps  was  varied  through  a  wide  range  and  a  determination 
made  for  each  change.     The  values  found  were  : 

TABLE  I. 

Volts  on  Lampi.  Reflecting  Power. 

95 824 

105 805 

112 786 

117 800 

122 789 

127 836 

182 808 

187 825 

Although  the  change  in  the  quality  of  the  light  was  very  marked 
in  this  experiment,  the  results  do  not  indicate  any  regular  change 
in  the  coetticient  of  reflection  such  as  was  looked  for.  Hence, 
in  all  subsequent  measurements,  the  mean  of  these  various  deter- 
minations, namely  .814,  was  used. 

The  standard  source  was  a  glow  lamp ;  it  was  referred  after 
each  test  to  the  Hefner  lamp.  Electrical  measurements  were 
made  by  various  portable  voltmeters,  ammeters  and  wattmeters, 
all  of  which  were  repeatedly  referred  to  Kelvin  balances. 

Results  on  thk  Alternating  Arc. 

A  number  of  enclosed  arc  lamps,  in  their  commercial  form, 
were  kindly  placed  at  the  disposal  of  the  writers  by  their  reapec* 
tive  manufacturers.     As  this  paper  has  no  other  ob^^^cl  \k\%si  \«i 
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•xhibit  Bach  features  of  the  performance  of  these  lamps  as  ar« 
lately  typical,  the  trade  namea  of  the  lampe  are  withheld. 


Fro.  8. — Distribution  of  Intensity.     Iiamp  A. 

For  each  position  of  the  arc,  no  fewer  than  44  photoiDetrio 

Kttiags  were  recorded.     It  was  foand  that  this  number  wat 


1893.]  ON  ENCLOSED  ALTERNATING  ARC,  085 

sufficient  to  include  the  maximum  and  minimum  values,  and  a 
sufficient  number  of  intermediate  yalues  to  give  a  mean  that 
could  be  reproduced  quite  closely  at  different  times,  thus  show- 
ing the  reliability  of  the  method. 

Ijimp  A, — The  distribution  of  intensity  from  this  lamp  is 
sliown  in  the  polar  dir^ram  of  Fig.  3  ;  the  figures  for  the  curve 
are  as  follows  : 

TABLE  11. 

Angle.  Iiitenilt7. 

0*  horizontal 121.4  H.  u. 

10'  above 169.0 

20**     ••      156.0 

30"      *      189.0 

40"     *• 176.0 

60^     •*      46.5 

60°     *•      22.4 

10' below 164.5 

20'     ••      184.7 

30"    •*      167.4 

40"     »•      187.5 

50"     **      ...208.0 

60"     •* 180.5 

70"     *•      89.6 

80"     ••      64.0 

Tlie  following  is  a  summary  of  the  results  of  the  test  of  this 
lamp  : 

TABLE  IIL 

Volts 108.2 

Amperes 5.84 

Apparent  watts 602. 

True  watts 407. 

Watts  in  mechanism 80. 

Power  factor 0.67 

Maximum  intensity 208. 

Direction  of  maximum  intensity below    50*" 

above    30* 

Mean  hemispherical  intensity  : 

Upper  hemisphere 91.8 

Lower  hemisphere 129.1 

Mean  spherical  intensity 110.5 

Watts  per  mean  spherical  Hefner  unit 8.68 

Watts  in  arc  per  mean  spherical  h.  u 2.96 

Watts  in  arc 327. 

Globes,  character  of opalescent  inner. 

Carbons %  inch  "Blectra." 
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The  lamp  was  intended  for  an  electromotive  force  of  104 
volts,  and  the  attempt  was  made  to  keep  it  at  this  pressure,  but 
«t  the  close  of  the  test,  the  average  electromotive  force  proved 
to  be  103.8.  The  power  factor  is  due  to  the  inductance  of  the 
mechaiiisni,  as  it  lias  been  clearly 
established  by  Blondel'"  that, 
in  the  arc  itself,  the  electro- 
motive force  and  current  are 
strictly  iu  phase.  It  is  easy  to 
conlinn  this  fact  by  current, 
pressure  and  power  readings 
taken  with  reference  to  the 
are  alone. 

The  upper  and  lower  tubes 
of  the  distribution  curve  do  not 
yield  the  same  mean  values. 
The  di8cre|>ancy  is  due,  no  doubt, 
partly  to  tlie  fact  that  the  bulb 
alwut  the  are  is  not  of  symmetri- 
cal curvature,  and  partly  to  the 
greater  retlectioii  from  tlie  parts 
of  the  lump  situated  jiift  above 
the  are.  The  shape  of  the  dintri- 
liution  curve  alters  somewhat  aa 
the  burnhig  of  the  carbons  pro- 
gresses. The  geneml  shape  of 
the  curve  is  not  far  from  that 
which  has  been  obtained  for  the 
open  arc.  For  coni])ari!ton,  <me 
of  the  several  curves  taken  by 
I'ppenboru"  for  the  open  arc  is 
here  shown.  (Kig.  +.)  h\  the 
_„.  _.  -Dirtribution  of  Intensity  enclosed  arc  the  lobes  of  the 
from  Open  Alternating  Arc.  distribution    curve    are    shorter, 

blunter,  and  extend  outward  at 
smaller  angles  with  the  hori/ontal.  These  changes  are  due 
to  the  shape  of  the  carbon  points.  It  may  be  pointed  out 
that   the   distribution    curve   as   plotted  above,  is  a  half-section 


10.  Blondel,  La  Lttmiere  Eleetrigue,  vul.  41.  ! 

11.  See  Palaz,  "  Photometrie  Induatrielle"  <> 


inslution  by  Patterson. 
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of  the  mean  photometric  surface,  which  is  a  surface  of  revolu- 
tion.     The  actual    photometric   surface-  so   far   from   being  a 


Fio,  S. — Distribution  of  [ntensity.    Lamp  B. 
Kill-face  of  revolution— is  continually  swelling,  contracting  and 
twisting  ill  a  marvellous  fashion.   As  to  whether  the  light  tliown 
upward  is  of  value,  will  depend  on  whether  the  lauip  is  suspended 
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ID  the  open  air  or  under  a  redecting  ceiling. 
In  most  casee  considerable  beiietit  will  he 
obtained  hy  the  uee  of  a  reflector,  ae  is 
illnetrated  in  the  following  figure. 

La7ii2>  B. — ThiBlamp  was  provided  with 
a  bell-shaped  reflector  of  milky  glass.  The 
effect  of  the  reflector  on  the  dietribntion 


Pio  6. 
curve  is  very  noticeable,    the  upper  lube 
being  largely  removed.    (Fig.  5.)   The  min- 
imnin  corresponding  t«  tlie  horizontal  is  die- 
placed    downward  by  about     10    degrees. 
This  peculiarity  cannot  be  ascribed  to  the 
presence  of  the  shade, 
as  it  was  found  in  one 
or  two  cases  where  the 
lamps  were  fitted  with 
inner  globes  only.     It 
is  quite  surely  due  to 
the  fact  that  the  car- 
bons so  bum,  that  the 
planes   of  their  ends, 
althongh  parallel,  are 
rarely  normal  to  their 
axes.      Thus    in    the 
case  iltuBtrated  in  Fig. 
6,  the  minimum  inten- 
sity  might  In;  fonnd 
displaced  either  almve 
or  l>elow  the  horizon- 
tal,  according  to  the 
point  of  riew. 
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TABLB  IV. 

Angle.  Inteiutty. 

Deg.  H.  u. 

0  horizontal 160.0 

10  above 90.8 

20      "     , , 18.4 

30      •• 12.3 

40      **     11.5 

50      •' 9.8 

<J0      •• 8.4 

10  below 146.5 

20      •'     171.5 

30      **     180.0 

40      ••     196.0 

50      *'     112.0 

60      ••     102.7 

70      **     65.4 

80       *     46.5 

That  the  effect  of  the  shade  is  distinctly  advantageous  will  be 
further  evident  if  curves  of  illumination  be  considered.  And 
here  unfortunately  we  must  resort  to  an  approximation.  Data 
was  taken  for  an  exact  determination  of  the  effect  of  the  shade 
on  lamp  b,  but  owing  to  an  accident  the  figures  are  not  now 
available.  However,  certain  assumptions  permit  us  to  draw  a 
comparison  in  the  following  way  :     I^et 

J^  =  mean  intensity  of  b  above  the  horizontal  and  without  shade, 
/b  =     »<  "  B  below  "  "  '* 

J  J  and  /b'  be  similar  quantities  as  found  for  b  with  shade, 
F'  =  mean  intensity  of  a  below  horizontal. 
Let  it  be  further  assumed  that  30  per  cent,  of  /»  is  absorbed  by 
the  shade.  Now  since  the  altered  distribution  from  b  is  due 
wholly  to  the  shade — the  light  incident  upon  the  shade  being 
partially  reflected,  partially  transmitted  and  partially  absorbed-^ 
we  have,  if  I^  =  /b, 

/  _  /.'  +  A'  +  .3  /b 


2 

^     i:  +  h'     ^ 

1.7 


112.2, 


which  is  the  mean  hemispherical  intensity  of  lamp  b  without 
shade.  If  now  the  radii  of  the  curve  b  are  multiplied 
by  the  ratio  /"  :  /j,,  we  shall  havje  the  effect  of  putting  the 
shade  on  lamp  a. 

In  plotting  the  illumination  curves  shown  in  Fig.  7,  this  last 
was  done.     Some  difference  of  opinion  exists  as  to  whether  the 
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ordinates  of  a  curve^^  like  this  should  be  the  illumination  on  a 
surface  normal  to  the  ray  or  on  a  horizontal  plane.  In  Fig.  7^ 
the  illumination  on  the  normal  plane  has  been  used,  as  this  quan- 
tity  serves  very  well  for  the  purpose  of  a  comparison.  It  will 
be  noted  that  the  benelit  resulting  from  the  use  of  the  shade  ia 
most  niarked  at  distances  remote  from  the  lamp,  which  is  as  it 
should  be,  since  there  is  no  lack  of  light  in  the  vicinity  of  the 
lamp.  The  following  table  gives  distances  at  which  an  equality 
of  illumination  will  be  found : 

Unit  of  Wltbont  thftde.  With  shade, 

normal  fllamlnAtion.  Metres.  Metres. 

2.25 6.5  8.2 

2.00 7.1   8.8 

1.76 7.8 9.5 

1.50 8.7  10.4 

1.25 9.7 11.7 

1.00 11.0 13.2 

.75 12.7  16.5 

•50 16.2 21.0 

.25 22.9  29.4 

Lamp  C. — This  lamp  was  provided  with  an  outer  spherical 
globe  of  milky  glass.  The  data  obtained  for  the  distribution  of 
intensitv  were  as  follows  : 

TABLE   VI. 

Angle.  Without  globe.  With  globe. 

deg.  H    CT  H.  U. 

OhoriaonUl 182.0 37.2 

lOsbove 187.0 42.8 

20    •*      158.0 42.7 

80    ••      122.0 88.4 

40    ••      85.0 28.7 

50    "     80.4 , 17.4 

60    ••     18.0 7.7 

10  below 126.0  86.1 

20    '•      183.8     82.6 

30    ••      140.7 31.4 

40    ••       117.0 80.0 

50    •'      120.0  28.2 

60    *• 90.0 30.7 

70    ••      68.0 29.8 

80    "      47.5 24.7 


12.  It  18  probable  that  the  unit  of  illumination  most  consistent  with  the 
c.  o.  8.  system  is  H,  U,  /  em*.  This  unit  is  many  times  too  large,  however, 
and  throws  the  numerical  expression  for  an  illumination  far  into  the  decimal 
places.  The  unit  ^.  U,  /m.*,  obtained  bj  multiplying  the  first  named  unit 
by  10~^,  is  preferable  in  this  respect. 
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Tlie  foregoing  values  &re  plotted  in  Fig.  8.     This  distribution 
is  in  some  respects  anomalous.     The  larger  area  below  the  hori- 


Fie.  8.— Distribution  ot  XaimuAij.    IjunpC. 


zontal  is  due  to  the  preseace  of  a  narrow  reflector  placed  innde 
the  outer  globe.  Mo  reliable  reason  can  b«  given  for  the  pret- 
ence of  the  maximum  at  20  degrees  above.     It  ma;  be  due  to 
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flome  lack  of  accurate  centering  of  the  carbons.  The  peculiar 
shortening  of  the  radii  of  the  inner  curve  in  the  lower  angles, 
baffled  the  observers  for  some  time.  It  was  finally  found  that 
the  milky  glass  of  the  outer  globe  was  much  more  dense  in  the 
lower  hemisphere  than  in  the  upper,  and  the  absorption  was  cor- 
respondingly greater. 

It  should  be  said  in  connection  with  the  inner  curve  that  the 
amount  of  light  cut  off  was  in  reality  not  so  great  as  the  figure 
indicates.  The  dispersion  is  so  great,  with  a  globe  of  milky 
glass,  that  the  globe  plays  a  strong  part  as  a  radiant.  Now,  the 
mirror  used  was  not  sufficiently  large  to  furnish  rays  on  the  pho- 
tometer disk  from  all  parts  of  the  globe,  and  hence  the  lamp  was 
not  given  quite  full  credit  for  what  it  was  doing. 

The  results  of  the  test  of  this  lamp  may  be  summarized  as 
follows : 

TABLE  VII. 

Volts 110.0    • 

Amperes 7.0 

Apparent  watts 770.0 

True  watts 484.0 

Watts  iD  mechanism 116.0 

Power  factor 0.6S 

Maximum  intensity 158.0 

Mean  hemiHpherical  intensity  : 

Upper  hemisphere .' 68.5 

Lower        " 99.0 

Mean  spherical  intensity. 83.8 

Watts  per  mean  spherical  h.  u 5.76 

Warts  in  arc 364.0 

Watts  in  arc  per  mean  spherical  h.  u. 4.84 

Globes,  character  of opalescent  inner. 

Carbons ••  Electra." 

In  the  course  of  the  measurements  on  this  lamp,  the  terminal 
electromotive  force  was  varied  between  the  limits  of  87  and  1 18 
volts,  and  readings  of  intensity,  power  and  current  taken  for 
each  step.  The  results  are  plotted  in  Fig.  9.  It  will  l)e  noted 
that  the  power  increases  directly  as  the  voltage;  while  the  in- 
tensity is  a  rapidly  increasing  function  of  the  voltage.  The 
•change  in  the  current  is  slight.  The  high  intensity  at  high 
voltage  is  partly  due  to  the  longer  arc,  but  more  especially  to 
the  higher  temperature  of  the  carbon  points  and  consequent  in- 
creased surface  in  the  craters. 
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Flo.  9.— Effect  of  VaTying  Impressed  Bleotromotive  Force.    IiBiopC. 

Fl.DtTTDATIOKH    IN    THK    InTENSITI'. 

In  Kig.  10  are  eliown  the  t1uctiiation&  in  intensity  wliich  occur 
in  the  enclosed  alternating  arc.  With  the  recording  device 
already  deecribed,  it  is  poHsihle  to  get  settings  of  fair  accuracy 
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Tvitli  a  coneideralile  degree  of  rapidity,  as  is  here  showu.     The 
large  changes  in  intensity  are  plainly  noticeable  in  watching  the 
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arc,  but  the  eye  does  not  funiieh  an  estimation  of  them  com- 
parable with  t)iat  to  lie  gained  from  the  curves,  for  the  pevclio- 
phjsicBl  reason  already  referred  to.  It  will  be  noted  that  the 
higher  vainer  shown  in  Fig.  10  are  of  more  infrequent  occur- 
rence than  the  lower  values.  Indeed,  it  is  only  when  the  arc  ia 
towards  the  photometer  and  flaring  out  in  the  manner  shown  in 
Fig.  1  ],  HO  that  both  craters  are  inclined  towards  the  disk,  that 
these  extreme  values  are  obtained,  and  then  they  last  but  an 
instant.  For  all  other  positions  of  the  arc,  whether  on  the  sides 
or  on  the  back,  only  the  lower  values  are  obtained. 

Two  causes,  it  was  thought,  might  contribute  to  these  tluctua- 


n 
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tions,  namely,  the  changing  length  of  the  arc  and  the  "  wander- 
ing "  eliaracter  of  it.  To  test  this,  the  curve  in  Fig.  1 3  was  taken 
with  a  fixed  length  of  arc,  the  clutch  being  entirely  out  of  action. 
The  result  plainly  shows  that  the  chief  cause  of  the  Huctutttiims 
ie  the  hunting  of  the  arc.  While  the  intensity  varies  with  the 
length  of  the  arc.  the  motion  of  the  carbons  ia  so  slight,  in  a  well- 
regulated  lamp,  that  it  plays  little  if  any  part  in  causing  th& 
variations  shown. 

COMHAKIAON    WITH    THK    EnCI.OBKII    DlKKLT-ClKRENT    Aw. 

l/tmp  D. — Measurements  were  made  on  a  direct -current  lam[> 
of  the  same  manufacture  as  lamp  a,  with  a  view  of  bringing  thi» 
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type  of  lamp  under  conditionB  identical  with  those  of  the  tests 
of  the  aitei-nating  arc.  The  lamp  was  fitted  with  an  inner 
o[)aleBcent  globe  only.   The  distribution  of  intensity  is  as  follows:: 

TABLE  VIII. 


Angle. 
Deg. 

0  horizontal 

In  tensity. 
H.  U. 

, 218 

10  above 

20      •'     

1«5 

287 

80      *•     

169 

40      **     

144 

50      •*     

121 

60      **     

60 

10  bolow 

410 

20      "     

891 

30      "     

: 841 

40      '•     

877 

50      '•     

869 

60      •*     

41« 

70     •*     : 

172 

80      '• 

106 

In  Fig.  13,  these  values  will  be  found  plotted  in  the  usual 
manner.  This  curve  was  taken  with  great  care  and  may  be  ta- 
ken as  typical  of  the  distribution  due  to  the  enclosed  arc  fed  by 
a  direct  current.  The  peak  at  20  degrees  above  is  due  to  the 
small  crater  of  the  negative  carbon.  Here  also  the  depression 
in  the  curve  due  to  the  low  luminosity  of  the  arc  is  found  dis- 
placed by  10  degrees  above  the  horizontal.  This  lamp  will  give 
an  excellent  illumination  at  points  somewhat  remote,  because  the 
curve  is  so  full  in  the  region  just  below  the  horizontal.  A  shade 
would  still  further  improve  the  lamp  in  this  respect.  Detailed 
results  are  given  in  the  following  table : 

TABLE  IX. 

Volts 108. 

Amperes 4.96 

WatU 886. 

WatU  in  mechanism 168. 

Maximum  intensity 416. 

Mean  hemispherical  intensity  : 

Upper  hemisphere 106.5 

Lower  hemisphere 288. 

Mean  spherical  intensity 197.8 

Watts  per  mean  spherical  h.  u 2.72 

Wattsinaro 884. 

Watts  in  arc  per  mean  spherical  h.  u 1.95 

Glolx.'S Opalescent  inner 

Carbons **  EHrftctm." 
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As  regitrda  efficiency,  or  better  economy,   say  in  watts  per 
Hefner  unit,  the  direct  current  lamp  is  saperior  to  ite  alternating 


Fio.  18.— DtBtribntion  of  Intensity.    Lamp  D.    (Direct  Current.) 
current  competitor.     The  performance  of  lamp  a   was  the  beet 
found  in  these  teete,  that  of  lamp  <^  the  worst.     The  other  lampa 
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tested  showed  different  degrees  of  economy  lying  between  the 
limits  set  by  these  two. 

The  writers  feel  justified  in  saying  that  the  lamps  of  low  econ- 
omy could,  by  improvement  in  mechanism,  be  brought  to  a  per- 
formance equal  to  that  of  lamp  a.  All  the  lamps  tested,  with 
one  exception,  were  furnished  with  the  same  brand  of  carbons. 
With  similar  carbons  and  similar  globes,  a  difference  in  economy 
must  be  attributed  largely  to  the  mechanism. 

If  the  alternating  arc  be  regarded  apart  from  any  regulating 
device,  the  physical  reasons  for  its  poorer  qualities  as  a  light 
source  are  to  be  found  in  the  lower  temperature  of  the  glowing 
points  and  in  the  diminished  area  of  crater  surface.  In  the  di- 
rect current  arc,  we  find  two  bright  surfaces  of  unequal  area  and 
of  widely  different  temperature.  In  the  alternating  current  arc 
we  find  two  bright  surfaces  of  the  same  area  and  of  the  same  tem- 
perature. According  to  Kossetti,  the  temperatures  in  the  first  case 
are  3900  C.  and  2700  C.  Now  the  points  in  the  alternating  arc  are 
as  much  positive  as  negative,  and  hence,  whatever  the  unknown 
law  connecting  the  temperature  of  glowing  carbon  with  the  in- 
tensity of  the  light  dne  to  it,  we  should  expect  the  mean  spherical 
intensity  of  the  alternating  arc  to  have  a  value  intermediate  be- 
tween the  values  of  mean  hemispherical  intensity  for  the  upper 
and  lower  lobes  of  the  distribution  due  to  the  direct  current  arc- 
A  comparison  of  lamps  a  and  d  shows  this  point,  although  the  total 
power  is  not  the  same.  If  the  power  consumption  of  the  alter- 
nating arc  were  raised  from  827  to  884,  it  is  very  probable  that 
the  mean  intensity  would  be  found  raised  from  110.5  to  a  con- 
siderably higher  intermediate  value. 

The  values  of  the  intensity  of  the  direct-current  lamp  are 
lower  than  those  found  by  some  earlier  observers.  In  fact,  the 
enclosed  arc  has  been  rep<jrted  in  some  instances  as  quite  equal 
to  the  average  open  arc.  It  is  difficult  to  see  how  these  results 
can  be  accurate  for  a  lamp  fitted  with  an  opalescent  globe.  The 
results  of  a  test  recently  reported  by  Nichols  agree  closely  with 
those  given  for  the  direct  current  lamp  in  this  paper. 

p]lectrictil  Laboratory,  Purdue  University,  ) 
Lafayette,  Ind.,  September,  1898.         ) 
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Discussion. 

Mb.  Louis  B.  Marks  : — It  is  y^ry  seldom  that  one  is  treated  to 
flo  concise  and  lucid  a  description  of  the  limitations  of  are-light 
photometry  as  is  contained  in  this  able  paper  by  Messrs.  Matthews, 
Thompson  and  Hilbish.  For  my  part,  1  think  that  the  first  part 
of  the  paper,  which  goes  into  detail  regarding  photometry,  is  per- 
haps more  important  than  the  latter  portion,  which  gives  some 
measurements  of  the  candle-power  of  the  alternating  current  arc. 
So  that  I  trust  you  will  bear  with  me  for  a  few  moments  while  I 
consider  what  is  said  in  the  paper  with  relation  to  the  photometry 
of  the  arc. 

Prof.  Matthews  says  that  the  first  reason  for  the  difficulty  in 
determining  the  luminous  yield  of  an  arc,  is  the  marked  difference 
in  quality  between  the  light  of  the  arc  and  that  of  the  standard. 
This  is  perhaps  one  of  the  most  important  difficulties  in  arc-light 
photometry.  We  are  apt  to  lie  confronted,  as  Prof.  Matthews 
points  out,  with  a  difference  of  color  between  the  arc-light  and 
the  standard.  This  makes  it  very  difficult  to  set  a  photometer 
carriage  properly  so  as  to  obtain  the  true  relative  candle-power  of 
two  sources  of  illumination  which  differ  in  color.  You  will  notice 
that  in  this  paper  the  Hefner  amyl-acetate  lamp  is  taken  as  the 
standard.  The  tinge  of  the  flame  of  this  lamp  is  quite  reddish, 
whereas  the  tinge  of  the  alternating  current  arc,  as  you  all  know, 
is  decidedly  violet ;  so  that,  strictly  speaking,  we  are  comparing 
a  violet  light  with  a  light  that  is  red  in  color.  Comparative 
candle-power  measurements  of  this  kind  are  limited  in  value  and 
are  often  misleading. 

I  find  on  page  oso  the  statement  that  ''the  inner,  opalescent 
globe  absorbs  the  rays  of  short  wavelength  in  greatest  propor- 
tion, a  fact  which  brings  the  color  of  the  arc  neai*er  that  of  the 
standard." 

Now,  the  question  occni-s  to  me,  if  we  use  such  an  opalescent 
globe,  thereby  altering  the  quality  of  the  issuing  light,  are  we 
obtaining  a  fair  comparison  between  the  candle-powers  of  the  two 
lamps  i  The  nature  of  the  light  is  undoubtedly  changed  in  passing 
through  this  tinted  glass,  so  that  the  results  will  depend  upon  the 
•compopition  of  the  glass  of  the  enclosing  bulb.  There  is  also 
another  question,  namely,  the  amount  of  light  cnt  off  by  this 
opalescent  globe.  I  am  not  alluding  to  this  now,  ]>ut  simply  to 
the  effect  oi  the  difference  in  quality  of  the  light  caused  by  the 
interposition  of  a  glass  globe  absorbing  a  large  percentage  of  the 
violet  or  shorter  wave-lengths  of  light.  Unless  a  clear  glass  globe 
be  used,  this  modification  in  the  character  of  the  ravs  mav  con- 
siderably  impair  the  value  of  the  comparative  inea*>urements. 

It  is  well  known  that  light  of  one  color  impressen  the  eye  with 
quite  a  different  force  than  light  of  another  color,  and  the  inten- 
sity of  the  sensation — the  physiological  sensation — determines  to 
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a  considerable  extent  the  power  of  the  light.  I  think  that  Helni- 
holtz  stated  that  the  sensation  was  a  function  of  the  luminous  in- 
tensity and  varied  with  different  kinds  of  light.  Of  two  lights, 
one  of  which  is  rich  in  blue  and  the  other  rich  in  red,  the  sensa- 
tion increases  more  rapidly  for  the  red  and  decreases  more  rapidly 
for  the  blue  for  the  same  range  of  luminous  intensity.  In  order  , 
to  make  this  a  little  clearer,  suppose  we  have  two  lights,  one  of 
which  is  rich  in  tlie  shorter  wave  lengths  of  the  spectrum,  and  the 
other  of  which  is  rich  in  the  longer  wave  lengths.  >iow,  suppose 
these  lights  have  the  same  candle-jmwer  exactly.  If  we  then 
simultaneously  double  the  quantity  of  light  thrown  by  each  on 
the  photometer  screen,  we  will  find  that  the  yellow  light  or  the 
red  light,  as  the  case  may  be — the  light  of  longer  wave-length — 
will  appear  brighter  than  the  light  of  the  shorter  wave-length. 
Whereas,  if  you  then  suddenly  decrease  the  quantity  of  light  in 
each  case,  you  will  find  that  the  light  of  the  snorter  wave-length, 
that  is  the  blue  light,  will  appear  brighter  than  the  yellow  light. 
Now,  here  is  a  condition  of  affairs  that  depends,  it  appears,  on 
physiological  causes,  and  is  not  taken  into  consideration  by  the 
photometer  in  the  measurement  of  the  power  of  a  source  of 
illumination.  I  lay  stress  on  these  points  because  in  interpreting 
the  figures  given  by  the  autlu>rs  of  this  paper,  we  must  bear  in 
mind  that,  although  the  readings  have  been  undoubtedly  most 
carefully  taken,  the  candle.power  measurements,  which  at  best 
Clin  have  but  a  relative  value,  are  subject  to  numerous  limita- 
tions. 

On  page  580,  near  the  bottom,  the  authors  refer  to  the  second 
obstacle  to  careful  measurement,  namely,  the  variability  of  the 
quantity  to  be  measured.  "  These  variations,"  they  say,  "  are 
largely  due  to  the  wandering  condition  of  the  arc — a  peculiarity 
that  is  espeeiallv  noticeable  in  the  open  alternating  arc,  and  in 
both  types  of  the  enclosed  arc."  And  then  they  add,  ''  Indeed, 
it  is  to  this  feature  of  the  enclosed  arc  that  the  fiat-ended  carbons 
are  due."  Now,  is  it  not  just  the  other  way  ?  Is  not  this  feature 
of  the  enclosed  arc  due,  if  anything,  to  tiie  fiat-ended  carbons? 
The  flattening  of  the  carbon  ends  is  due,  not  to  the  wandering  of 
the  are,  but  to  the  absence  or  partial  absence  of  oxygen  in  the 
enclosing  bulb.  When  the  carbons  are  enclosed,  the  oxygen  is 
excluded,  or  has  very  limited  access,  and  the  tips  of  the  carbons 
are  no  longer  subject  to  the  same  conditions  of  oxidation  as  exist 
in  the  ordinary  arc  which  burns  in  free  air.  Hence,  the  carbon 
ends  become  blunt  or  flattened.  The  arc  being  quite  small  in 
cross-section  and  tending  to  lengthen  as  the  carbons  bum  away, 
seeks  the  path  of  least  resistance,  and  so  gradually  travels  over 
the  surface  of  the  carbon  ends.  This  wandering,  or  ''hunting" 
as  it  is  sometimes  termed,  continues  as  long  as  the  lamp  is  in 
action,  and  appears  to  be  primarily  brought  alx)ut  by  the  fiattening 
of  the  carbon  ends. 

On  page  581   is  mentioned  a  new  instrument  which  I  think 
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will  be  a  boon  to  all  those  who  have  use  for  a  photometer.  The 
mechanical  device  designed  bv  Prof.  Matthews  for  recording  a 
setting  as  soon  as  it  is  made,  will  enable  us  to  take  quick  and  ac- 
curate readings.  Many  of  us  who  have  experienced  the  visual 
fatigue  incident  to  the  use  of  a  light  in  the  photometer  room, 
will  give  a  hearty  welcome  to  this  new  device.  Prof.  Matthews- 
is  to  be  congratulated  on  the  invention  of  this  simple  and  inge> 
nious  arrangement,  which  I  trust  will  quickly  find  its  way  inta 
photometer  rooms  throughout  the  country. 

The  third  point  mentioned  is  the  question  of  the  validity  of  the 
term  '*  candle-power."  Although  I  do  not  intend  to  take  up  your 
time  now  with  a  discussion  on  this  particular  point,  1  trust  that 
others  who  have  gone  into  it  more  fully  than  myself  will  expand 
on  what  is  said  here  especially  in  relation  to  the  term  luminoaiii/ 
as  compared  with  candle-power.  This  question  is  of  great  im- 
portance. It  is  safe  to  say  that  no  measurement  of  candle-power 
per  86  can  give  us  a  complete  expression  of  the  true  illuminating 
power.  One  light  may  have  as  much  candle-power  so-called  as 
as  another,  and  have  a  much  smaller  illuminating  power.  I  think 
the  question  referred  to  here,  on  page  582,  is  one  which  should 
command  our  serious  attention. 

In  making  their  measurements  the  authom  used  a  Eruss  Bunsen 
photometer  and  a  swinging  crane  in  connection  with  a  45  degree 
mirror.  I  have  made  use  of  this  particular  arrangement  quite 
often,  and  it  has  occurred  to  me  that  possibly  there  is  such  a 
thing  as  selective  absorption  in  the  mirror.  The  authors  employ 
glow  lamps  in  determining  the  reflecting  power  of  the  mirror. 
In  order  U)  get  a  correct  value  of  the  coefficient  of  reflection  they 
operate  the  incandescent  lamps  at  95  volts,  at  105  volts,  and  so  on  up 
to  137  volts.  They  state  that ''  although  the  change  in  the  quality 
of  the  light  was  very  marked  in  this  experiment,  the  results  do 
not  indicate  any  regular  change  in  the  coefficient  of  reflection." 
Their  maximum  value  for  this  coefficient  is  .836 ;  their  minimum, 
.782,  making  a  difference  of  about  f>%  in  the  reflecting  power  of 
the  mirror.  Although  they  do  not  find  the  value  ot  the  co- 
efficient to  follow  any  regular  law  with  the  increase  in  tempera- 
ture in  the  filaments,  the  authors  may  not  be  justified  in  taRing 
the  mean  of  these  various  determinations  as  a  fair  value  of  the 
coefficient  of  reflection  for  the  arc.  Have  you  ever  noticed  an 
enclosed  arc  lamp,  especially  an  enclosed  alternating  arc  with 
clear  outer  globe,  on  the  street  in  front  of  a  show-window  i  At 
night  when  the  current  is  on,  if  vou  look  at  the  lamp  the  small 
opalescent  globe  appears  to  be  filled  with  a  soft  white  light ;  but 
it  you  observe  the  refiection  in  the  window-glass,  the  small  globe 
seems  to  emit  a  strong  violet  light.  Now  the  authors  notea  the 
same  phenomenon  when  they  lit  their  arc  and  looked  into  the  mir- 
ror mounted  on  their  photometer.  But  they  probably  erred  in  as- 
suming that  measurements  of  selective  absorption  based  on  the 
reflection  of  an  incandescent  filament  at  high  temperature,  will 
hold  for  the  arc. 


1898]         ENOLOSBD  ALTERNATING  ARC.—DISCmSION.  601 

As  to  the  candle-power  ineasiirements  given  for  the  alternating 
current  arc  I  shall  have  very  little  to  say  just  now.  I  note  that 
the  curves  of  distribution  are  carefully  worked  out ;  that  they 
have  all  the  kinks  with  which  we  are  more  or  less  familiar,  due 
to  reflection  of  the  light,  to  the  shape  of  bulbs,  to  the  inequali- 
ties in  the  glass,  to  the  distortion  of  the  plane  of  the  carbon 
ends,  etc.,  etc. 

I  also  note,  and  I  call  your  attention  to  this  point,  that  the 
authors  have,  I  believe,  taken  all  their  candle-p<)wer  measure- 
ments for  small  opalescent  globes.  They  have  not  given  us  any 
measurements  with  small  clear  globes  in  their  lamps.  So  in 
comparing  the  results  of  the  authors  and  those  of  other  experi- 
menters, it  is  well  to  bear  in  mind  that  there  may  be  a  difference 
of  perhaps  30  per  cent  or  even  more  between  these  candle-power 
values  and  those  given  in  tests  of  lamps  in  which  the  small 
globes  are  clear. 

I  notice  that  the  authors  refer  to  some  tests  by  Dr.  Nichols. 
As  far  as  I  can  remember,  Dr.  Nichols  used  clear  globes  in  all  of 
the  tests  that  he  has  published  on  standard  lamps, — at  least  all 
that  I  have  seen.  The  difference  in  density  in  the  case  of  opal 
or  opalescent  glass  globes  is  very  marked,  and  those  who  have 
used  enclosed  alternating  arc  lamps  much  will  know  that  some  of 
the  small  globes  are  very  dense  indeed  and  cut  off  as  much  as  50 
per  cent  of  the  light.  1  do  not  know  just  what  percentage  of 
light  is  cut  off  by  the  globes  that  the  authors  used.  They  do  not 
mention  this  in  their  f)aper,  and  consequently  we  are  left  in  the 
dark  as  to  quit©  a  vital  point. 

As  far  as  the  ultimate  results  are  concerned,  that  is,  the  actual 
efficiency  of  an  enclosed  alternating  arc  as  compared  with  a  di- 
rect, I  find  that  they  give  for  lamp  a,  alternating  current  type, 
the  curve  of  which  is  on  page  584,  and  the  data  on  page  585,  2.96 
watts  at  the  arc  per  mean  spherical  Hefner  unit ;  and  for  lamp  D^ 
which  is  the  direct  current  lamp,  supposed  to  be  a  typical  lamp, 
data  on  page  595  and  curve  on  page  596,  1.95  watts  at  the  are 
per  mean  spherical  Hefner  unit.  Thus  there  appears  to  be  a  dif- 
ference in  candle-power  output  of  over  50  per  cent,  in  favor  of 
the  direct  current  lamp.  But  unfortunately  the  authors  took 
two  lamps  whose  power  at  the  arc  was  different.  The  alternating- 
lamp  consumed  less  power  at  the  arc  than  the  direct.  If  both 
lamps  consumed  the  same  power  at  the  arc,  it  is  probable  that 
the  difference  in  favor  of  the  direct  current  lamp  would  fall  to 
35  per  cent,  or  less. 

I  intended  to  make  a  few  remarks  regarding  some  other  parts 
of  the  paper.  But  I  am  aware  that  there  are  others  who  have 
something  to  say  and  shall  therefore  close  my  discussion  at  least 
for  the  present.     I  thank  you  very  much  for  your  kind  attention. 

Mr.  W.  II.  Freedman  : — Mr.  Marks,  in  his  very  able  discus- 
sion of  this  paper,  has  left  very  little  to  be  said.  I  will,  however, 
add  a  few  remarks,  and  try  not  to  repeat  anything  that  he  has 
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alluded  to,  except  the  one  point  in  regard  to  the  hunting  of  the 
arc.  Now,  it  seems  to  me  that  if  the  oxjg:en  were  excluded  from 
an  arc  so  that  the  carbon  could  not  go  off  in  carbon  mon-oxide  and 
di-oxide  vapors,  the  ends  would  be  flat,  and  in  the  open  arc  they 
assume  that  more  conical  shape  on  account  of  this  oxidation  of 
the  carbon.  Accordingly,  it  seems  to  me  that  on  account  of  their 
being  flat,  as  the  carbon  is  vaporized,  a  little  pocket  tends  to 
form,  and  so  increases  the  distance ;  therefore,  it  will  require 
more  energy  to  keep  up  the  arc  between  those  two  points,  and 
consequently,  due  to  the  resulting  stresses,  the  arc  wanders  to  a 
place  where  less  energy  will  maintain  it.  Nature  is  rather  lazy, 
and  all  operations  go  on  with  the  least  expenditure  of  energy. 
Therefore,  this  arc  wanders  so  as  to  always  keep  up  its  luminosity 
and  burning,  if  I  may  use  the  word,  with  the  least  expenditure 
of  energy  S<»,  in  my  opinion,  that  criticism  is  rather  correct, 
and  instead  of  the  flat  carbons  being  due  to  the  wandering,  it  is 
exactly  the  opposite — that  on  aceount  of  the  carbons  being  flat 
the  arc  wanders  aroimd  and  so  adds  to  the  troubles  of  the  jmoto- 
metrist  who  is  trying  to  determiiie  its  candle-power. 

On  page  586  the  authors  make  the  statement  that  "  the  power 
factor  is  due  to  the  inductance  of  the  mechanism,  as  it  has  been 
clearly  established  by  Blondel  that  in  the  arc  itself  the  electro- 
motive force  and  current  are  strictly  in  phase."  Without  laying 
any  stress  on  the  use  of  the  word  electromotive  force,  it  is  per- 
fectly true  that  the  difference  of  potential  between  tlie  carbons 
of  the  arc  is  zero  when  the  current  through  the  arc  is  zero  in  the 
case  of  an  alternating  arc  which  is  used  for  illumination,  or  I 
should  more  properly  say  a  self-regulating  arc.  But  1  think  that 
statement  ought  to  be  somewhat  (jualifled,  be«ause  if  you  take  an 
alternating  current  arc  and  clamp  it  rigidly  and  work  it  by  a 
hand  feed,  if  there  is  no  self-induction  in  the  current,  then  that 
statement  is  not  true,  and  the  current  has  rather  gjvps  of  zero 
value.  It  does  not  pass  through  zero  at  a  point;  it  has  a  zero 
value  for  quite  an  appreciable  period  of  time,  so  that  there  is  a 
zero  line  in  the  current.  That  being  the  case,  there  is  a  power 
factor  in  the  arc  which  is  slightly  different  from  the  power  factor 
in  a  siniple  alternating  power  circuit,  in  that  we  cannot  strictly 
flay  there  is  a  phase  between  the  electromotive  force  and  the  cur- 
rent, but  on  account  of  the  current  not  following  the  sine  law,  we 
will  find  that  taking  voltmeter  and  ammeter  readings  and  mul- 
tiplying the  two  together,  the  apparent  watts  are  a  great  deal 
larger  than  the  readmgs  of  the  wattmeter,  and  we  have  a  power 
factor  in  this  kind  of  an  arc.  So  unless  that  statement  is  qualified 
it  seems  to  me  it  is  erroneous  to  state  that  the  power  factor  is  en- 
tirely due  to  the  mechanism  of  the  lamp.  There  is  no  doubt  that 
the  self-induction  in  the  lamp  causes  the  phaae  of  the  current, 
but  unless  that  happens  to  be  exactly  balanced  with  respect  to 
the  distance,  etc.,  the  arc  might  not  go  through  the  zero  values 
at  a  point,  and  if  that  is  the  case,  then  the  total  power  factor  is 
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due  partly  to  the  mechanism  and  partly  to  the  shape  of  the  cur- 
rent wave  in  the  arc. 

Mow,  comiui):  to  the  measurements  of  the  candle-power,  per- 
sonally, not  l)einff  an  enthusiast  on  photometry,  I  think  that  it 
adds  slightly  to  tlie  complication  of  photometric  measurements 
for  everybody  to  use  their  own  units,  and  it  seeuiS  to  me,  as  far 
as  engineers  are  concerned,  it  is  usual  to  speak  of  candle-power. 
I  am  willing  to  confess  that  I  had  to  look  up  what  the  value  of 
the  Hefner  unit  was  before  I  could  compare  this  paper  with  any 
other  published  results  which  heretofore  have  always  appeared 
in  candle-power.  Jf  I  remember  correctly,  \}t,  Michols,  of 
Cornell  University,  said  that  the  best  way  to  measure  candle- 
])ower,  the  most  certain  way,  is  to  use  the  Hefner  unit,  which  is 
S8  per  cent,  of  the  British  candle.  \i  we  forget  that  number, 
however,  we  are  somewhat  at  sea  in  comparing  different  papers. 

Then  when  it  comes  to  the  measurement  itself,  Mr.  Marks 
has  already  pointed  out  that  although  carefully  made,  the 
results  are  not  absolute,  as  one  curve  presented  by  the  authors 
thenii^t'lves  shows — the  curve  on  page  51)1.  They  present 
a  lamp,  c,  with  and  without  a  milky  globe.  When  they  put  the 
milky  globe  on,  they  of  course  get  the  smaller  distrilmtion  of 
luminous  intensity,  but,  strange  to  say,  the  upper  portion  seems 
to  be  of  the  greater  candle-power  or  Hefner  unit,  and  they 
advance  the  explanation,  which  is  undoul)tedly  correct,  that  the 
lower  half  is  of  less  intensity  on  account  of  the  absorption  of  the 
globe.  That  in  itself  must  bring  to  mind  the  fact  that  if  we 
change  the  globe  we  are  going  to  get  an  entirely  different  distri- 
bution. The  distribution  which  tliey  present  on  pa^re  500  for  a 
normal  direct  current  lamp  is  one  which  is  entirely  different  from 
any  tbat  were  obtained  at  Oolunibia  Lniversity— that  being  an- 
other argument  or  another  evidence  to  show  that  the  globes  which 
were  used  in  each  case  were  different,  and  the  difference  in  the 
form  of  the  curve  being,  no  doubt,  largely  due  to  that  fact.  I 
also  think  that  the  curve  on  page  5S(»,  perhaps  by  some  inad- 
vertence of  the  printer,  has  become  reversed.  The  curve  given 
by  r])penborn  shows  the  greater  area  on  the  top.  I  think  that 
the  greater  luminous  intensity  n)ust  be  at  the  l)ottom  and  not  at 
the  top.     So  those  butterfly  wings  ought  to  be  inverted. 

1  Avill  close  by  ni'jrely  stating  that,  so  far  as  I  know,  these  are 
tlie  tiret  results  and  figures  that  have  been  published  on  the  alter- 
nating current  arc  with  respect  to  its  distribution  of  luminous  in- 
tensity, and  from  that  standpoint,  bearing  in  mind  the  photo- 
metric limitations,  I  consider  the  paper  rather  valuable  as  being 
an  addition  to  the  data  available  to  an  engineer. 

TiiK  Presidkxt  : — I  understand  that  we  have  Captain  John 
Mil  lis,  of  the  Lighthouse  Board,  with  us  this  evening.  If  so,  I 
sliould  be  pleased  to  hear  from  him  upon  his  aspect  of  this  sub- 
ject. 

Captaix  Millis: — Mr.  President,  lam  somewhat  disappointed 
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at  being  discovered,  since  I  wonld  have  preferred  to  be  only  an  in- 
terested listener  in  an  obscure  comer.  There  is  very  little  that  I 
can  add  to  what  has  already  been  said  on  this  subject,  but  possi- 
bly 1  may  submit  one  or  two  remarks  presently.  I  should  like 
very  much  to  ask  the  gentleman  who  first  addressed  us  to  give 
us  a  somewhat  more  explicit  idea  as  to  what  he  means  when  he 
says  that  one  light  may  have  a  greater  candle-power  than  another^ 
but  a  less  luminous  intensity.  I  do  not  understand  exactly  what 
he  means,  and  1  should  be  very  glad  if  he  could  make  this  a  little 
clearer. 

Mr.  Marks  : — 1  think  that  possibly  in  a  few  words  I  may  be 
able  to  give  my  view  of  the  matter.  The  candle-power  of  an  arc^ 
as  I  understand  it,  simply  represents  \U  power  as  compared  with 
a  standard  source  of  light  known  as  the  candle.  For  instance,  we 
have  an  ordinary  standard  candle.  It  barns  120  grains  in  an 
hour,  or  given  standard  time.  We  compare  an  incandescent 
lamp  with  that  candle,  and  by  the  aid  of  tne  photometer  obtain 
a  ratio  representing^  the  illuminating  power  of  the  incandescent 
lamp  in  terms  of  tne  candle.  From  that  we  get  the  power  of 
the  arc  lamp.  Supposing  the  power  of  the  arc  lamp  thus  photo 
metrically  measured  is  400,  this  would  indicate  that  it  has  400 
times  the  illuminating  power  of  the  candle  which  was  used  aa 
the  source  of  the  comparison.  Now  let  us  take  the  arc  light  and 
put  it  in  a  reading-room,  and  read  by  it.  Then  let  us  take  it  and 
put  it  in  the  fields  and  distinguish  the  color  of  the  trees  and  nat- 
ural objects  by  it.  I  ask  you,  will  the  trne  illuminating  power  of 
that  arc  lamp  be  400  in  both  cases  ^  I  also  ask  you,  will  the 
illuminating  power  of  an  arc  lamp  not  depend  upon  the  use  to 
which  the  light  is  put?  Will  it  not  depend  upon  its  power  of 
bringing  out  the  true  colors  of  objects,  as  well  as  of  aiding  the 
eye  m  seeing  and  distinguishing  objects?  I  say  that  the  illumi- 
nating power  of  a  lamp  depends  largely  upon  the  quality  of  the 
light.  And  the  quality  will  depend  upon  the  proportion  of  rays 
of  short  wave-length  and  of  long-wave  length  in  the  light.  In 
some  cases,  as  in  bringing  out  the  colors  of  natural  objects,  and 
so  on,  the  proportion  of  shorter  wave-lengths  in  the  light  is  all- 
important;  while  as  far  as  the  power  of  illumination  as  applied 
simply  to  black  and  white  is  concerned,  the  importance  of  th^ 
longer  wave-lengths  is  paramount. 

Now  in  the  production  of  candle-power^  the  various  rays  of  the 
spectrum  do  not  count  in  proportion  to  their  energy ;  tlie  influ- 
ence of  the  shorter  or  more  refrangible  rays  is  much  les8  than 
that  of  the  longer  wave-lengths  Indeed  some  of  the  rays  of  short 
wave-length,  at  the  extreme  violet  end  of  the  spectrum,  do  not 
enter  to  any  appreciable  extent  into  the  production  of  candle- 
power;  yet  these  very  rays  often  constitute  a  most  important 
factor  in  the  illuminating  power  of  an  arc  light.  This  is  what  I 
mean  when  1  say  that  the  candle-power  of  an  arc  is  not  a  meas- 
ure of  its  illuminating  power  and  that  one  lamp  may  have  as 
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much  candle  power  as  another  and  yet  have  a  much  smaller  illu- 
minating power.  As  Dr.  Nichols  pointed  out  in  a  paper  before 
this  Institute  in  1889,  candle-power  is  a  well-nigh  meaningless 
term  and  may  give  us  a  very  misleading  value  of  the  power  of 
illumination  of  a  light,  lie  records  a  number  of  tests  which 
prove  quite  conclusively  that  even  though  two  lights  have  the 
8a me  candle  power,  the  ilhiminating  power  of  one  may  be  widely 
different  from  that  of  the  other.  The  reasons  for  this  difference 
have  already  been  given.  I  do  not  know  whether  1  have  gone 
into  the  matter  too  much  at  length  or  not,  or  whether  I  have 
made  myself  clear ;  but  I  shall  ask  the  President,  Dr.  Kennelly, 
whether  I  have  explained  to  his  satisfaction  why  it  is  that  one 
lamp  may  have  more  illuminating  power  than  another  without 
having  more  candle-power. 

The  President  : — I  think  we  all  understand  Mr.  Marks  as  to 
his  meaning  of  the  terms.  These  terms  are  unfortunately  given 
so  many  different  meanings  by  different  men  that  it  is  quite  easy 
to  misinterpret  them  until  they  are  explained. 

Captain  Milus: — The  gentleman  has  referred  to  exactly  the 
])o]nt  that  I  was  going  to  speak  about.  I  think,  however,  that  he 
gives  us  a  somewhat  incorrect  impression  in  passing  from  some- 
thing which  we  regard  as  the  measurement  oi  the  power  or  in- 
tensity of  a  light,  in  a  physical  sense,  to  something  which  is  rather 
a  question  of  judgment,  of  individual  preference,  or  of  adapta- 
hilitv  to  the  conditions,  and  I  must  still  differ  with  him  in  his 
view  that  we  can  properly  say  that  a  light  which  has  a  greater 
I'andle-power  than  another  may  have  a  less  luminous  power. 
Both  terms  imply  a  measurement  which  requires  a  unit  in  deter- 
mining the  candle  power,  but  for  luminous  power,  as  the  gentle- 
man has  just  explained  the  term,  I  do  not  understand  tbat  any 
fixed  unit  or  standard  is  possible.  These  considerations  suggest  the 
fundamental  question  of  the  real  basis  of  all  so-called  photometry. 
is  it  strictly  correct  to  say  that  photometry  as  generally  practiced 
is  a  physical  measurement  at  all,  or  does  it  consist  merely  in  ap- 
j)roximate  comparisons  and  attempts  to  express  in  figures  some- 
thing which  cannot  be  properly  so  expressed  in  a  mathematical 
sense?  I  think  we  all  remember  having  learned,  in  the  days  of 
our  elementary  education,  that  the  measurement  or  the  expression 
of  the  value  of  any  quantity  was  the  numerical  equivalent  of  that 
(juantity  as  compared  to  a  fixed  quantity  of  the  same  kind  which 
was  taken  as  the  unit.  That  may  not  be  exactly  the  correct 
wording,  but  you  get  the  idea.  Now,  when  we  attempt  to  ex- 
press the  intensity  of  a  light  and  say  that  it  is  so  much  candle- 
j)ower,  it  is  not  a  physical  expression  of  its  value  in  all  cases, 
l)eeause  the  standard  is  not  a  quantity  of  the  same  kind  or  quality. 
Anybody  who  has  had  experience  in  a  photometer  room  knows 
that  it  is  possible  to  arrive  at  an  approximate  idea  of  the  relative 
luminous  intensities  of  two  lights,  whether  these  lights  are  of  the 
same  color  or  not.    In  fact,  many  of  you,  perhaps,  have  attempted, 
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as  I  have,  to  compare  a  white  light  with  a  red  one.  It  is  entirely 
possible  to  put  the  movable  box  containing  the  translucent  screen 
near  enough  to  the  red  light  so  that  you  can  say  that  the  side  of 
the  screen  illuminated  by  that  light  is  brighter  than  the  other  side 
illuminated  by  the  white  light.  Similarly,  the  box  could  be 
placed  so  that  the  side  of  the  screen  towards  the  white  light  ia 
unmistakably  the  brighter,  but  when  an  attempt  is  made  to  place 
the  box  at  a  point  where  the  two  sides  of  the  screen  are  eoually 
illuminated,  difficulties  arise^  and  only  an  approximate  result  can 
be  expected  at  best.  It  is  very  largely  so  in  all  photometric  com- 
paris(ms  that  I  have  had  experience  with,  except,  of  course,  in 
comparing  two  lights  that  were  absolutely  of  the  same  quality. 

The  method  of  measurement  to  be  used,  and  the  conclusions 
reached,  may  be  materially  affected  by  the  particular  use  that  the 
light  is  to  be  applied  to.  To  illustrate  by  an  extreme  case,  in  the 
Lighthouse  Service  the  vital  question  is:  How  far  can  a  light  be 
seen  if  yon  are  looking  at  it  directly?  While  in  ordinary  ca^s 
of  artificial  illumination  the  question  almost  invariably  is :  To 
what  extent  will  the  light  enable  you  to  see  other  objects  I  If  we 
wish  to  determine  the  power  or  intensity  of  a  light  in  the  sense 
of  how  far  it  can  be  seen,  a  practical  way  to  make  a  comparison 
with  a  standard  is  to  put  the  staiidard  and  the  light  to  l>e  measured 
where  they  can  l)oth  l>e  seen  from  a  distance,  and  go  off  until 
first  one  and  then  the  other  have  disappeared.  It  is  perfectly 
easy  to  understand  that  the  distance  at  which  the  lights  disappear 
respectively  enable  us  to  determine  their  relative  intensities. 
Now,  if  we  have  two  sources  of  light,  for  instance,  two  candles 
placed  a  few  feet  apart  so  they  will  not  blend,  you  cannot  see  the 

two  candles  anv  farther  than  vou  can  see  one ;  but  if  vou  are  near 

•  •  • 

the  candles  and  hold  a  sheet  of  (laper  so  that  Imth  will  illuminate 
the  paper,  you  have  got  twice  the  illumination  with  the  two 
candles  that  you  would  have  with  one  candle.  For  one  purpose 
two  candles  are  twice  as  good  as  one,  and  for  the  other  purpose 
one  is  just  as  good  as  two. 

I  wish  to  endorse  what  the  gentleman  said  with  reference  to 
the  recording  apparatus.  I  think  that  is  something  we  all  wish 
we  had  thought  of  ourselves.  I  know  I  have  felt  tne  need  of  it 
a  great  many  times,  and  I  should  think  it  would  l>e  very  useful, 
and  would  expedite  photometric  work  to  a  notable  degree.  I 
notice  the  author  does  not  say  what  sort  of  scale  he  uses  in  deduc- 
ing the  results  from  the  reconled  observations.  ( )rdinarilv,  if 
used  with  a  photometric  l>ar  of  a  tixed  length  I  should  i\\u\k  it 
would  be  of  great  convenience  to  use  a  scale  graduated  as  photo- 
metric Imrs  frequently  are,  for  a  tixed  distance  l>etween  two 
sources,  so  that  the  record  would  give  directly  the  relative  inten- 
sity of  the  two  lights.  I  have  found,  however,  in  experimenting 
with  lights  of  a  variety  of  intensities,  that  bars  of  various 
lengths  are  required,  and  tliat  it  is  more  generally  convenient 
to  use  an  ordinary  scale  of  equal  parts,  as  inches  and  tenths,  and 
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iimke  ealculationb  from    the  readings,  although  it  is  somewhat 
more  tedious. 

With  reference  to  pliotometer  rooms  in  general,  there  is  a  sug- 

festion  which  I  desire  to  make  as  the  result  of  my  experience, 
think  it  is  a  mistake  to  paint  the  inside  of  the  photometer  room 
entirely  black.  It  is  a  very  great  convenience,  in  the  handling 
and  adjustment  of  apparatus,  etc.,  to  have  as  much  of  the  interior 
of  the  room  white,  or  at  least  light  in  color,  as  you  possibly  can. 
If  the  end  walls  and  the  ceiling  and  floor  are  black,  and  adjusta- 
ble screens  are  usfd  to  cut  off  the  light  from  sources  which  are 
liable  to  cause  interference  with  your  measurements,  it  will  be 
possible  to  have  the  side  walls,  or  a  C(msiderable  portion  of  them, 
litfiit  in  color. 

With  the  alternating  enclosed  lamp  described  in  the  paper  1 
have  had  no  experience,  but  I  have  had  considerable  experience 
with  the  alternating  lamp  which  is  not  enclosed.  With  cored 
carbons,  using  proper  matf^rial  for  tlie  core,  I  have  failed  to  find 
the  wandering  of  the  arc  that  tlie  author  refers  to.  1  have  found 
the  lainj)  to  burn  very  steadily  and  very  satisfactorily  if  the 
proper  cjuality  of  carbon,  of  uniform  density,  and  having  a  core 
of  [)roper  material,  is  used. 

'riiere  was  one  more  point  that  occurred  to  me.  It  seems  that 
the  lamp  described,  giving  such  extremely  vaiiable  results  with  a 
wandering  arc,  is  a  very  unsatisfactory  light  machine,  and  before  I 
should  go  into  very  great  reflnements  of  measurement  to  deter- 
mine what  the  candle  power  of  the  lamp  is,  I  think  I  should  try- 
to  devise  something  to  make  it  give  some  approach  to  a  fixed 
candle  power,  even  if  the  average  were  somewhat  less  than  the 
results  it  gives  now.  This  lamp  certainly  appears  to  be  open  to 
considerable  improvement  . 

The  President  (Dr.  Kennelly) : — I  think  we  are  indebted  to 
the  authors  for  giving  us  some  measurements  upon  the  alternating 
current  arc  lamp  which  have  been  badly  needed,  since  the  only 
measurements  which  have  been  available  hitherto  have  been  for 
the  direct-current  arc  lamp.  I  think  we  are  also  indebted  to 
them  for  giving  us  their  measurements  in  units  that  we  can  un- 
derstand. When  we  speak  about  British  candles  we  are  often  in 
doubt  as  to  how  the  candles  were  obtained,  how  the  measurement 
was  made,  and  whether  the  British  candles  were  evaluated  from 
Hefner  units  by  process  of  calculation.  Whereas,  by  giving  the 
results  in  Hefner  units  directly,  we  know  that  a  definite  instru- 
ment was  employed,  which  is  the  most  satisfactory  that  has  been 
obtained  uj)  to  this  time.  The  results  show,  as  pointed  out  by 
])reccding  speakers,  how  very  indefinite  and  unreliable  the  pho- 
tometry of  an  enclosed  arc  is  from  the  engineering  point  of  view. 
You  have  a  source  of  light  varying  with  the  ^listance  between 
the  cari)ons  and  with  the  current  strength  supplied  to  them,  with 
tlie  nature  and  quality  of  the  carbons,  and  their  distance  apart, 
with  the  angle  ot  depression  or  elevation,  and  also  with  the  par- 
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ticniar  qnalitj,  i^hape  and  diinensioDS  of  the  enelosiD^  glolie.  So 
that  Yoa  have  at  lea^t  two  more  variables  in  tiiis  kind  of  lamp 
than  joa  have  in  the  ordinary  alternating  are  lamp,  nou-enelosed. 
We  know  how  difficult  it  is  with  the  ordinary  alternating  arc 
or  continaouA  arc,  to  get  i»teady  readings  or  reliable  measure- 
ments, and  the  difficulties  are  therefore  augmented  in  this  case. 
The  fact  is  that  until  the  absorption  of  the  mterior  globe  is  taken 
into  account,  it  is  almost  impossible  to  get  a  fair  cnterion  of  the 
luminous  power  of  the  arc  within.  h>  much  is  apt  to  be  absorlied 
by  the  opalescent  or  semi-transparent  gIol)e. 

1  think  that  we  are  apt,  as  engineers,  to  forget  that  arc  lamps 
are  not  employed,  as  a  rule,  by  engineers,  and  that  their  quality 
and  capability  are  not  always  to  1»e  determined  by  the  methods 
which  we  are  wont  to  employ.  We  set  up  an  arc  lamp  in  a  pho- 
tometer, measure  its  candle-power  in  various  directions,  compute, 
it  may  be,  its  spherical  candle-|»ower,  compute  its  economy  or 
efficiency,  or  inefficiency,  as  shown  in  these  tables,  and  then  we 
decide  tLat  one  lamp  is  better  than  another  because  it  is  more 
efficient,  or  l>ecause  it  gives  more  candle-power  than  another ; 
whereas  the  ordinary  individual  who  uses  an  arc  lamp  and  who 
purchases  it  is  not  guided  very  much  by  such  measurements.  At 
a  given  cost  price  he  is  guided  bv  the  appearance  of  the  lamp  and 
by  its  steadiness,  by  its  freedom  from  noise,  and  the  length  of  time 
it  will  go  without  re  carlioning.  His  eye  gives  him  very  little 
intimation  as  to  the  real  candle-power.  If  he  sees  a  nice  opales- 
t5ent  globe  around  it  and  it  gives  a  nice,  diffused  light,  he  is  very 
apt  to  consider  that  that  lamp  is  much  superior  to  one  which  an 
engineer  may  tell  him  is  much  more  economical  as  a  luminous 
Hource. 

As  regards  measurement  of  candle-power  of  arc  lamps,  I  think 
that  from  the  engineering  point  of  view,  the  only  fair  criterion 
is  the  mean  spherical  candle-power,  if  only  for  the  reason  that  the 
individual  candle-power  in  any  particular  direction  of  luminous 
intensity,  at  any  particular  angle  or  azimuth,  is  so  variable  with 
time;  and  these  wide  variations  which  are  shown  in  Figures  10 
and  12,  as  are  pointed  out  in  the  paper,  are  not  so  much  variation 
of  the  lamp  as  a  whole,  as  merely  variations  in  one  particular  direc- 
tion, namely  that,  of  the  photometer  screen. 

We  have  been  able  to  measure  the  spherical  candle-power  of 
an  arc  lamp  by  placing  a  mirror  outside  the  arc  and  nearly  over 
it,  and  spinning  that  mirror  at  about  400  revolutions  a  minute  in 
a  circle  about  four  feet  in  diameter  around  the  arc,  throw- 
ing the  light  into  a  second  mirror  at  the  axis,  and  through  a  tube 
to  the  photometer  screen.  It  is  not  sufficient  to  merely  employ 
tt  revolving  mirror,  because  you  must  cut  off  the  light  at  different 
azimuths  according  to  a  sine  law,  and  you  must  have,  therefore, 
a  sinusoidal  shutter  to  open  the  light  to  full  candle-power  at 
horizontal  and  gradually  cut  off  the  light  as  you  bring  the  mirror 
either  below  or  above.     By  that  means  you  can  get  a  closely  re- 
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liable  reading  of  the  spherical  candle-power  in  any  particular 
vertical  plane,  and  by  slowly  spinning  the  arc  lamp  upon  its  own 
centre,  so  as  to  turn  successively  in  all  directions,  tne  effect  of  the 
combination  of  revolving  the  mirror  in  the  vertical  plane  and  re- 
volving the  lamp  in  the  horizontal  plane,  gives  you  a  very  close 
Approximation,  mdeed,  at  any  particular  moment  to  the  spherical 
candle-power  in  all  directions. 
[Adjourned.] 


DIED. 

Davenport: — At  Ponce,  Puerto  Rico,  October  26th,  1898,  Clarence  G. 
Davcnoort,  formerly  Expert  and  Agent,  for  the  General  Electric  Co., 
at  the  New  York  offices  of  the  company.  No.  44  Broad  Street.  He  was 
a  son  of  Rev.  John  G.  Davenport,  of  Waterbury,  Conn.,  and  had  been 
in  the  employ  of  the  General  Electrio  Company  for  eight  years.  He 
enlisted  in  the  1st  Regiment  U.  S.  V.  Engineers,  and  accompanied  that 
regiment  to  Puerto  Rico  where  he  contracted  typhoid  fever  which  was 
the  cause  of  his  death.  He  was  elected  an  Associate  Member  of  the 
Institute  Nov.  21, 1894. 


AMERICAN  INSTITUTE  OF  ELECTKICAL 

ENGINEEKS. 


]Sew  York,  October  26th,  1898. 

The  128tli  meeting  of  tlie  Amekican  Institute  of  Electrical 
Engineers  was  held  at  12  West  3 let  Street  this  date  and  waa 
called  to  order  by  President  Kennelly,  at  8.10  P.  M. 

The  Secretary  : — At  the  meeting  of  the  Executive  Committee 
this  afternoon,  the  following  associate  members  were  elected: 

Name.  Address.  Endoned  by 

Murphy,  John  McL.      Electrical  Engineer,  Safety  Third    G.  T.  Hanohett. 

Elail   Electric    Co.,  5  Beeknian    E.  V.  Baillard. 
St..  Room  233  N.  Y.  Ralph  W.  Pope. 

Vrbkland,  p.  K.  2nd     Ass't.    Engineer,      Crocker-  Henry  Morton. 

Wheeler  Electric  Co. ,  residence,  F.  B.'  Crocker. 

228    Orange    Road,    Montclair,  Oano  S.  Dunn. 
N.J. 

WooDBRiDGE,  J.  B.        Editor     Electrical  World  9  Murray    T.  R.  Taltavall. 

Street.  N.  Y.  A.  B.  Kennelly. 

Townsend  Wol'cott 
Totals 

The  following  aBsociate  members  were  transferred  to  full 
membership  : 


Approved  by  Board  of  Examiners,  Sept.  22d,  1808. 

C.  H.  WoRDiNGHAN  City  Electrical  Engineer,  Manchester,  England. 

William  Stanley,  Electrical  Engineer  and  Inventor,  Pittsfield,  Mass- 


In  the  President's  Inaugural  .Vddress  at  Omaha,  a  recom- 
mendation was  made  by  him  that  the  Institute  undertake  to 
])ring  about  a  plan  of  cooperation  with  the  various  collefi^es  in 
regard  to  experimental  research  work.  In  accordance  with  that 
recommendation,  the  Council  passed  a  resolution  that  a  com- 
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mittee  of  fleven  should  be  appointed,  and  the  President  will  in- 
form you  as  to  the  action  tliat  was  taken  by  that  Committee 
to-day,  and  the  progress  of  the  work. 

The  President  : — I  may  say  that  the  Committee  has  held  its 
first  meeting  and  a  circular  letter  is  bein^  prepared  to  send  to 
the  various  technical  colleges  and  laboratories  throughout  the 
country,  inviting  their  cooperation  with  the  Institute,  and  sub- 
mitting to  them  a  list  of  problems  in  connection  with  practical 
subjects  upon  which  measurements,  observations  and  data  are 
required.  Sufficient  encouragement  has  already  been  received 
from  a  number  of  college  laboratories,  to  ensure  the  initiation  of 
this  movement,  and  it  is  hoped  that  all  the  principal  technical 
institutions  will  take  the  matter  up.  The  plan  presents  advan- 
tages to  all  parties  concerned.  The  instructors  receive  informa- 
tion as  to  the  practical  work  calling  for  observation  and  measure- 
ment from  tnose  enraged  in  electrical  engineering.  The 
students  are  stimulated  to  their  best  efforts  by  feeling  that  the 
work  upon  which  they  are  engaged  is  of  direct  practical  applica- 
tion. The  Institute  gains  by  the  publication  of  the  results 
obtained,  as  well  as  by  the  reception  of  material  for  good  papers. 
It  is  not  expected  that  the  results  of  such  investigations  should 
be  published  exclusively  or  voluminously  in  the  Transactions. 
The  main  results  of  each  investigation  with  the  names  of  those 
engaged  upon  it,  would  be,  as  a  general  rule,  all  that  the  mem- 
bers of  the  Institute  desire  to  obtain.  In  this  way  no  extra 
expense  is  attached  either  to  the  Institute  or  to  the  technical 
colleges  engaged  in  the  experimental  work. 

It  18  desirable  that  the  members  of  the  Institute  should  com- 
municate to  the  Secretarv  such  problems  as  may  arise  in  their 
practical  work  and  which  call  lor  experimental  investigation. 
The  Committee  would  receive  these  suggested  problems  and  add 
them  to  the  list  of  material  for  investigation. 

The  paper  before  the  meeting  this  evening  is  "  An  Electrical 
Survey  in  the  Borough  of  Manhattan,  New  \  ork  City,"  and  Mr. 
Knudson  will  now  read  it  to  us. 


A  Paper  prtstnted  at  tk*  iiStk  Meetini  of  ike 
American  Institute  of  Eiectrical Engineert^  New 
York^   October  26th  ^    /S9S,   President  Kennelly  in 
the  Chair. 


AN  ELECTRICAL  SURVEY    IN   THE   BOROUGH   OF 
MANHATTAN,  NEW  YORK  CITY, 

SHowiN(i  Kksults  of  Stray  Current  Measurements  Between 

Electric  Railways,  Underground  Pipes,  Etc.,  also 

Results  of  Tests  on  thb  Brooklyn  Bridge. 


BY    A.    A.    KNUDSON. 


The  corrosive  effect  of  straying  currents  upon  underground 
metallic  structures  is  now  so  well  known  and  understood  that  ob- 
viously there  is  no  need  to  dwell  upon  this  fact  as  a  reality,  but 
rather  it  is  tlie  purpose  of  the  author  to  show  from  actual  tests^ 
some  of  the  locations  and  characteristics  of  the  stray  currents  in 
New  York  city. 

About  eighteen  months  ago  the  question  was  raised  by  some 
of  the  municipal  officers  of  this  city  as  to  the  possibility  of  electric 
currents  leaking  or  straying  to  underground  pipes  from  the  con- 
ductors of  the  "open  conduit"  electric  railway  on  Lenox 
avenue,  and  adjoining  streets  at  that  time,  as  applications  had 
been  made  to  extend  this  system. 

This  matter  was  investigated  at  that  time  by  the  author,  and 
some  of  the  results  becoming  known  to  one  of  the  officers  of 
this  Institute,  he  suggested  that  witti  some  additional  tests  and 
the  whole  presented  in  a  paper,  it  would  prove  of  interest  to  the 
members  and  perhaps  throw  further  light,  on  this  interesting 
subject. 

I  have  since  made  a  number  of  additional  tests  throughout  the 
city,  from  Harlem  river  to  the  Battery,  between  various  metallic 
structures  such  as  "  L"  (Elevated  railway)  pillars,   surface  rail- 
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ways,  water  pipes,  etc.,  and  give  the  results  here,  trustiDg  that 
they  may  prove  acceptable,  and  possibly  of  some  value. 

Previous  to  making  any  tests  on  the  Lenox  avenue  line,  we 
had  a  well  settled  theory  that  in  a  double  conductor  system  as 
this  is,  very  little,  if  any  of  the  current  could  be  found  diverted 
from  the  conductors  to  water  or  other  pipes  underground  in  its 
vicinity. 

The  tests  were  begun  on  Lenox  avenue  near  the  Metropoli- 
tan company's  146th  street  power-station,  and  continued  south. 
From  the  first,  unmistakable  signs  were  encountered  of  railway 
current  leakage  from  the  rails  of  this  road  to  both  water  and  gag 
pipes,  the  sudden  fluctuation  of  the  voltmeter  needle  proving 
this  beyond  a  doubt.  It  was  noticed,  however,  that  when  a  Len- 
ox avenue  car  passed,  there  was  no  advance  of  the  needle  as 
should  be  expected,  and  when  two  cars  passed,  going  in  opposite 
directions,  there  was  no  advance  of  the  needle  at  the  moment ; 
continuing  down  the  street  and  testing  at  each  fire  hydrant  and 
gas  post  the  voltage  tended  to  increase  upon  nearing  135th  street. 
The  readings  during  these  tests  were  as  follows,  the  rails  being 
positive  to  the  water  and  gas  pipes. 


Location 


X45th  Street 

138th  " 
136th 

135th  - 

135th  " 

lasth 

ii6th  " 

lOQth  *'  and 
Columbus  Ave 


Water. 


H  volt 

%    ** 

1/5  " 


%    " 


(ia». 


U  volt 


i''5 


Remarks. 


During  this  test  no  trolley  car   in   sight   un  135th 

street 
Test   repeated   when   the   i3>«th  street  overhead 

trolley  car  crossed  Lenox  avenue  tracks. 


It  was  apparent  from  these  tests,  that  the  most,  if  not  all  of 
this  leakage,  came  from  the  I'nion  railway  company's  line, 
operating  the  overhead  trolley  system,  a  branch  of  this  road 
running  through  136th  street,  and  thereby  crossing  the  rails  of 
the  Metropolitan  company's  tracks  at  Lenox  avenue.  This 
seemed  the  more  certain  from  the  fact  that  the  maximum  read- 
ing (f  volt)  was  obtained  when  a  Union  railway  car  was  crossing 
the  rails  at  Lenox  avenue,  or  was  quite  near.  Further  proof, 
however,  was  necessary  to  determine  if  that  company  was  re- 
sponsible for  all  or  only  a  portion  of  this  current  escape ;  advan- 
tage was  therefore  taken  of  the  period  when  the  Union  railway 
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•cars  stopped  running  for  the  night  at  1:30  A.  M.,  to  make  some 
further  tests. 

At  this  time  there  were  no  fluctuations  of  the  needle  what- 
-ever,  and  consequently  no  sign  of  a  trolley  current  escape  from 
the  rails  to  underground  pipes.  Tests  were  made  over  the 
same  route  as  during  the  day,  as  well  as  at  other  places,  but 
although  the  Lenox  avenue  line  was  running  (they  have  an  all 
night  service)  no  evidence  could  be  obtained  of  current  stray- 
ing from  those  conductors  to  either  water  or  gas  pipes.  What 
we  did  And,  however,  worthy  of  mention,  was  another  current, 
emanating  from  an  entirely  different  source,  passing  from  the 
water  pipes  to  the  rails,  the  pipes  this  time  being  poaitivey 
which,  as  will  be  ])erceived,  was  the  reverse  of  the  polarity 
found  during  the  day.  This  current  was  as  perfectly  steady 
as  if  from  a  galvanic  battery.  The  difference  of  potential, 
however,  was  low,  in  some  places  g^^th  of  a  volt  only  was  found, 
while  in  others  the  reading  was  ^^ths.  In  my  efforts  to  identify 
this  current  I  consulted  the  Manager  of  the  power  station 
which  supplied  current  to  the  Lenox  avenue  road,  and  he  oblig- 
ingly offered  to  shut  down  the  plant  for  half  an  hour  during  that 
portion  of  the  night  when  traffic  is  the  lightest  and  give  me  a 
chance  to  re-test.  This  was  done  between  the  hours  of  2:30 
and  3  A.  M.,  when  both  of  these  electric  roads  were  then  shut 
down  60  that  no  possible  current  could  come  from  either  one. 
The  same  steady  current  was  found,  however,  as  before,  passing 
from  the  water  pipes  into  the  rails.  The  voltmeter  proving 
insufficient  as  a  means  of  completely  identifying  this  current, 
telephone  receivers  were  used,  and  with  one  at  each  ear  there 
was  no  difficulty  in  recognizing  the  familiar  sing  of  the  incan- 
descent dynamo.  Tliis  test  with  the  telephone  was  repeated 
several  times  by  ray  assistant  and  myself  so  that  there  could 
be  no  possibility  of  error. 

It  appears  from  the  tests  made,  that  an  open  conduit  system, 
or  one  in  which  an  insulated  metallic  return  is  used,  eflfectually 
confines  the  current  to  the  conductors  provided  for  it.  For 
tliis  reason  it  is  preferable  to  the  ordinary  ground  return,  espeoi- 
ally  in  large  cities,  where  the  space  below  the  streets  is  so  largely 
occupied  with  various  lines  of  iron  pipes,  more  or  less  subject 
to  electrolytic  action. 

The  distances  the  overhead  trolley  current  would  sometimes 
reach,  were  shown  by  a  rise  in  voltage  when  a  Union  railway  car 
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crossed  the  tracks  of  the  Lenox  ayenue  road  at  135th  street.  This 
was  found  as  far  down  as  116th  street,  where  the  latter  road 
branches  east  and  west ;  in  fact,  there  was  no  portion  of  this  road 
where  these  trolley  current  fluctuations  could  not  be  obtained 
when  cars  were  passing  through  ld5th  street. 

Desiring  to  learn  the  difference  of  potential  between  the  ele- 
vated railway  pillars,  and  water  pipes,  with  the  Union  railway,, 
if  any,  in  this  part  of  the  city,  tests  were  begun  at  157th  street 
(Harlem  Kiver)  on  the  Eighth  avenue  line  and  continued  down 
as  far  as  109th  street,  which  is  the  western  terminus  of  the 
Metropolitan  company's  open  conduit  system.  Rather  than 
make  this  paper  monotonous  with  long  tables  of  tests,  some 
plans  have  been   prepared    of    different    locations  in  the  city, 


1 35th  ST. 

.MANHATTAN 


140th  ST. 
CUEVATeO 


8th  AVE. 

145  th  ST. 


RAILWAY 


149th  ST. 

SUPPORTING 


157th  ST. 

PILLARS 


J — f/n-j-i  \  \<    fi-.         I  I  I    = 

^Vi;  rr--y. 't;  % 


/n'^-i  — rr 


a  VOLTS 


1^ 


WATER  PIPE 


i 


Fig.  1. 

showing  where  these  tests  were  made,  and  giving  the  differ* 
ence  of  potential  at  the  points  indicated.  It  may  be  well  to 
state  here  that  the  voltmeter  used  was  a  Weston  two  scale ;  the 
lower  scale  reading  to  5  volts  with  30th  divisions;  this  scale  was 
used  in  most  of  the  tests,  and  accounts  for  the  record  being  given 
in  a  number  of  cases  in  thirtieths  of  a  volt.  The  upper  scale 
read  to  150  volts  in  1  volt  divisions. 

The  following  is  a  general  description  of  the  method  of  proce- 
dure touching  in  detail  at  such  points  as  may  be  of  interest. 

The  starting  point  as  already  stated  was  at  157th  street;  from 
this  point  down  to  135th  street  the  tests  are  given  in  a  table,  as 
well  as  in  plan.  Fig.  1.  The  table  gives  both  day  and  night 
tests  for  comparison,  while  the  plan  gives  the  day  tests  only. 

The  Union  railway  (overhead  trolley)  heretofore  spoken  of  as 
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passing  through  135th  street,  termiDates  at  £]ghth  avenue ;  in 
fact,  the  ends  of  the  two  trolley  wires  of  that  road  are  supported 
by  being  attached  to  the  '*  L  "  structure  which  as  is  well  known 
passes  through  that  avenue. 


Location. 

Day  test  9  to  xo  A.  M. 

Night  test  1:30  to  9:30  A.  M. 

157th  Street 

"  L"  -H  to  Hydrant  7/30  Volt. 

7/30  Volt  "  L»'  4-  to  Hydrant 

149th      '• 

"L"  — "         '•         8/30     '* 

3/30     "      »«L"--" 

X45th       " 

"L"  — "        **         6/30     •* 

1/30     "      »»L"--" 

i4cih      " 

-L"-h"        ••          5/30     " 
Rails  U.  E.  Ry.  -H  to  "L**  aJi  volts 

2/30     '•     "L"--" 

i35ih       - 

a/30     "     Rails-r""L'»  Ry. 

135th       " 

"     U.  E.  Ry.  -+-  **  Hydt.  a      " 

X35th       •• 

"L"  + to  Hydrant                VJ  volt 

1/30     "      »'!."  +  ♦•    Hydrant 
Night  readings  steady  throughout. 

Referring  to  the  table,  it  will  be  noticed  that  the  reading  at 
157th  street  shows  that  the  night  test  was  the  same  as  during  the 
day.  It  was  afterwards  discovered  that  the  last  car  of  the  Union 
railway  had  not  then  left  the  track,  which  accounts  for  this  read- 
ing being  higher  than  the  other,  as  well  as  a  trolley  variation  be- 
ing shown.  All  of  the  other  night  tests,  however,  showed  the 
same  indications  of  an  incandescent  current  as  were  found  on 
Lenox  avenue,  as  well  as  at  several  other  places.  One  feature 
worthy  of  notice  in  the  day  test,  shown  in  the  plan,  as  well  as  the 
table,  is  the  change  of  polarity  found  at  different  points  on  thia 
section  of  the  road. 

The  current  passes  into  the  water  pipes  and  *'L"  structure 
from  the  rails  of  the  trolley  road  at  135th  street  (they  being  posi- 
tive) from  2  to  2^  volts  maximum,  then  along  the  pipes  for  five 
blocks  to  140th  street,  then  reverses  and  passes  along  the  ^^  L  '^ 
structure  for  another  five  blocks  to  14:5th  street,  where  it  again 
reverses  and  takes  the  water  pipes  to  another  reversal  at  157th 
street. 

The  cause  of  this  erratic  jumping  of  the  railway  current  up 
some  pillars  and  down  others  may  be  explained  in  two  or  three 
ways,  two  of  which  I  will  mention : 

1st.  Proximity  of  water  pipes  to  the  "  L  "  structure,  they  being* 
at  some  points  closer  than  at  others,  offering  a  more  favorable 
path  for  this  portion  of  the  current. 

2d.  The  current  passing  into  the  water  pipes  at  135th  street  as 
well  as  the  "L"  structure  at  the  same  polarity,  and  possibly  at  a 
liigher  voltage  at  times  to  water  may  cause  this  change  in  polarity 
at  different  points  along  the  line. 
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A  few  days  aj^o  teste  were  made  over  thie  same  section  of  road 
with  almost  identically  the  same  readings  in  each  case  as  prevailed 
over  a  year  ago.  It  was  noticed,  however,  that  the  terminal  rails 
of  the  Union  railway  company  at  135th  street  and  8rh  avenne 
had  recently  been  replaced  by  new  ones  which  appears  to  he  a 
good  illustration  of  ^^  cause  and  effect.'' 

Similar  conditions  also  prevail  on  the  section  of  road  below 
135th  street  down  to  109th  street.  At  this  point  the  "open 
conduit"  road  has  its  western  terminus.  Day  tests  have  shown 
a  maximum  reading  of  ^  of  a  volt,  the  rails  being  positive  to 
**L"  pillar,  and  to  water,  the  night  test  when  Union  railway 
was  not  running,  ^  steady,  showing  plainly  that  the  current 
was  from  that  road. 

Attention  is  now  directed  to  the   east   side    of   this   part  of 
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the  city  where  another  branch  of  the  Union  railway  is  located. 
Tests  made  here  show  even  more  pronounced  results  than  at 
the  branch  running  through  1 35th  street  to  the  west  side.  It 
may  be  stated  that  the  power-station  of  this  road  is  located  on  the 
Bronx  river  in  Westchester  county. 

Something  more  than  a  year  ago  when  these  tests  were  made, 
this  branch  had  a  terminus  at  Third  avenue  and  129th  street, 
immediately  in  front  of  the  '^L''  station,  the  cars  then  passing 
over  the  Harlem  river  at  the  old  wooden  bridge,  which  is  now 
being  removed.  The  cars  now  pass  over  the  new  public  bridge  re- 
cently opened,  to  the  new  terminal  at  Lexington  avenue.  Fig.  2 
shows  the  location  of  the  old  terminal  when  these  tests  were  made, 
as  well  as  the  difference  of  potential. 

It  will  be  noticed  that  the  maximum  reading  here  was  10  volts^ 
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rails  poBi'tiTe  to  "L"  pillar,  sewer.  Mini  g«B.     A  teat  was  also  made 
on  the  old  Harlem  bridge  at  tlie  same  time,  which  showed  tbe  same 
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reading,  except  it  was  madeto  gas  out;,  nootherpipeabeiagat  hand. 
A  few  days  ago  this  locality  was  visited  with  a  view  of  obtaining 
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ftny  fnrtber  items  which  might  be  of  interest  for  this  paper,  and 
workmen  were  found  engaged  in  removing  the  rails  of  this  very 
terminal. 

Information  was  therefore  obtained  as  to  the  results  of  electro- 
lytic action  on  these  rails  (they  having  been  positive).  An  im- 
pression was  taken  on  paper  of   the  exact  size  and  shape  of  the 


end  of  one  of  the  four  rails  which  composed  that  terminal  switch, 
the  ends  of  the  other  rails  all  being  in  just  about  the  same  con- 
dition. Fig.  3  shows  a  comparison  of  the  size  and  shape  of  the 
rail  when  new  and  its  present  condition;  the  position  of  the  out- 
lines as  to  each  other  being  about  as  shovm.  From  the  condition 
of  these  rails  now,  it  is  quite  plain  that  a  large  amount  of  metal 
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has  been  removed  from  them  by  electrolysie.  The  original  size 
of  the  rails  was  furnished  by  the  company  supplying  the  rails, 
they  being  70  lbs.  to  the  yard ;  furthermore,  the  bottom  sides  of 
all  these  rails  were  cut  by  the  current  down  to  knife  edges  for 
several  feet  back  from  the  ends.  These  edges  were  irregular  in 
shape  and  somewhat  jagged  in  appearance. 

Another  feature  of  interest  is  the  condition  of  the  cross-bars  or 
tie-rods  which  keep  the  rails  in  position.  These  bars,  which 
were  originally  \\"  wide  by  \"  thick,  were  nearly  all  so  eaten 
away  that  the  middle  portion  was  missing,  the  ends  protruding 
from  the  rails  at  from  6"  to  12".  Fig.  4  gives  a  view  of  one  of 
these  bars  which  was  conveniently  left  behind  when  the  other 
materials  were  removed.  It  is  the  only  one  I  i^aw  which  was  in- 
tact, and  is  in  a  much  better  state  of  preservation  than  the  others, 
consequently  not  an  average  sample. 

This  specimen  is  on  the  table  for  inspection  by  those  who  care 
to  examine  it,  as  well  as  some  small  pieces,  broken  off  by  hand 
which  were  protruding  from  the  rails.  Your  attention  is  called 
to  a  feature  not  shown  in  the  cut  and  that  is  the  sharp  knife-edge 
of  the  side  that  was  deepest  in  the  ground  from  where  the  cur- 
rent passed  out,  somewhat  similar  in  appearance  to  the  sides  of 
the  rails  above  referred  to;  the  ridges  and  pitting  characteristics 
of  electrolysis  are  also  plainly  visible  in  this,  and  in  a  lesser  degree 
in  the  smaller  specimens. 

Further  tests  were  made  in  this  part  of  the  city,  but  being  not 
specially  important,  are  omitted  until  93d  street  is  reached, 
from  which  point  to  the  Battery  a  plan  is  given,  showing  the 
locations  where  tests  have  been  made,  their  voltage  and  po- 
larity. These  tests  refer  mostly,  as  you  will  notice,  to  the  incan- 
descent current,  passing  at  low  voltage,  ranging  from  ^  ^-o^  \ 
of  a  volt.  One  feature  worthy  of  attention  is  the  lowest  read- 
ing being  generally  found  at  the  **L"  stations,  between  pillars 
under  the  stations  and  water  pipes.  This  is  accounted  for  by 
the  fact  that  as  there  are  water  pipes  supplied  to  most  if  not 
all  the  "L"  stations  they  would  make  a  fairly  good  electrical 
connection  with  the  structure  itself,  and,  therefore,  not  much 
difference  of  potential  could  be  expected.  This  point  also  sug- 
gests a  method  for  remedying  this  condition  of  affairs.  Coming 
down  the  west  side  of  the  city,  I  was  8ur[)rised  to  encounter  a 
full  fledged  trolley  current  in  the  extreme  lower  part  of  the  city. 
The  first  intimation  was  found  at  Rector  and  Greenwich  streets^ 
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it  l)ecame  more  pronounced  in  the  vicinity  of  Sonth  ferry  where 
in  testing  between  the  rails  of  the  Metropolitan  cable  road  and 
an  **  L  "  pillar,  a  variation  of  from  aV  to  V\r  volt  was  found, 
the  rails  positive,  and  the  same  reading  between  the  rails  and 
water  pipes. 

Just  why  there  should  be  indications  of  a  trolley  current  in 
this  part  of  Manhattan  Island  was  difficult  to  understand,  but 
after  making  further  tests  coming  up  on  the  east  side,  this  cur- 
rent was  found  to  come  from  the  Brooklyn  bridge.  Having 
pointed  out  how  an  overhead  trolley,  using  the  water  pipes  and 
incidentally  the  rails  as  a  return,  such  as  is  operated  on  135th 
street,  can  spread  its  influence,  so  to  speak,  for  a  distance 
of  over  20  blockrt  in  either  direction  north  and  south,  through 
various  pipes,  railway  ntrnctures,  etc.,  the  existence  of  this  cur- 
rent from  the  bridge  permeating  underground  metals  through  a 
large  portion  of  the  lower  part  of  the  city,  is  accounted  for. 

The  tests  were  continued  at  the  Xew  York  entrance  of  the 
bridge,  and  at  the  pillars  which  stand  in  the  sti^eet  just  west  of 
the  Third  avenue  cable  railway,  I  found  the  readings  as  fol- 
lows:  At  one  j)illar  a  maximum  of  three  volts,  average  1^  volts, 
pillar  po>itive  to  Third  avenue  cable  rails.  At  another  practi- 
cally the  same  reading.  Further  up  Park  Row  at  the  corner  of 
Chambers  street,  pillar  positive  to  cable  rails,  1  volt  maximum; 
water  positive  to  cable  rails  ^  volt;  pillar  positive  to  water  J 
of  a  volt. 

All  of  these  tests  were  made  nearly  a  year  and  a  half  ago.  A 
few  days  ago,  tests  were  made  over  this  same  ground,  and  at 
places  where  a  difference  of  potential  of  three  volts  maximum 
existed  at  that  time,  it  is  now  found  to  be  8^  volts,  pillars 
j)08itive  as  before  to  rails  of  Third  avenue  cable  and  also  to 
water  pipes,  showing  in  all  |)robability  tliat  this  current  has  been 
during  all  this  time  actively  and  unceasingly  passing  down  the 
])illars  which  support  the  "  L"  station  at  this  place,  as  well  aa 
the  bridge  crohsing  the  street,  and  out  from  their  foundations 
to  other  metals  as  stated,  with  now  a  fifth  of  a  volt  more  for 
^ood  measure. 

In  the  light  of  present  knowledge  on  this  subject  the  very 
serious  (juestion  presents  itself  to  any  practical  mind  here 
present,  in  what  condition  would  we  expect  to  find  the  anchor 
bolts  and  iron  foundations  of  these  pillars,  if  excavaticms  were 
made  at  their  bases  i 
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tivc  t^i  rail8  of  tliewi  track>  with  niaxiiiium  voltage  of  '^\  an 
egtiinated  average  of  2^.  These  tests  were  made  on  three  dif- 
ferent dayH  at  rlifferent  times  of  tlie  day,  the  highest  maximum 
reailing  as  abov(!  being  taken  at  4.45  V,  M. 

The  other  tests,  one  made  during  the  so-called  rush  hour  l>e- 
tween  5.30  and  0  P.  M.,  where  a  maximum  reading  of  2^ 
volts  not<jd  at  traek   1,  did  not  vary  much  from  the  tests  made 

in  the  afternoon  of   another  day  at    from  2  to  2S^0  P.  M.  at 
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track  4,  where  the  voltage  was  found  to  be  2J  maximuin. 
Previous  to  any  use  of  electricity  for  operating  cars  on  the 
bridge  it  had  been  known  that  currents  were  escaping  to  that 
structure  from  trolley  lines  in  Brooklyn,  and  passing  over 
would  find  their  way  through  the  city  by  underground  pi{)e8, 
etc.,  and  thence  crossing  the  river  arrive  back  to  the  power-sta- 
tion in  Kent  avenue. 
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The  j)olarity  of  both  of  these  railway  systems  now  operated  on 
the  bridge,  indicates  that  these  curi^ents  escape  from  their  lines, 
but  it  is  also  quite  likely  that  currents  are  even  now  coming  over 
the  bridge  as  they  were  a  year  ago.  Only  an  extended  investi- 
gation would  determine  these  points,  even  if  it  were  desirable 
that  thev  should  be  known. 

Let  us  now  take  up  the  investigation  made  on  the  bridge  to  deter- 
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In  Mr.  Farnbam's  excellent  paper  read  before  tins  Institutk 
four  years  ago,  he  showed  that  but  a  small  fraction  of  a  volt 
was  necessary  to  establish  electrolytic  action  between  metals. 

What  then  can  be  expected  from  an  incessant  action  of 
from  \\  to  3|  volts  jumping  out  of  these  foundations  dur- 
ing the  past  year  and  a  half  or  perhaps  two  years. 

Further  tests  at  the  New  York  entrance  of  the  bridge  at 
pillars  nearest  the  four  loop  tracks,  show  that  they  are  nega- 
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tive  to  rails  of  these  trackis  with  maximum  voltage  of  H;^  an 
estimated  average  of  2^.  These  tests  were  made  on  three  dif- 
ferent days  at  different  times  of  the  day,  the  highest  maximum 
reading  as  above  being  taken  at  4.45  P.  M. 

The  other  tests,  one  made  during  the  so-called  rush  hour  be- 
tween 5.30  and  6  P.  M.,  where  a  maximum  reading  of  2^ 
volts  noted  at  track  1,  did  not  vary  much  from  the  tests  made 

in  the  afternoon  of   another  dav  at    from  2  to  2:30  P.  M.  at 
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track  4,  where  the  voltage  was  found  to  be  2|  maximum. 
Previous  to  any  use  of  electricity  for  operating  cars  on  the 
bridge  it  had  been  known  that  currents  were  escaping  to  that 
structure  from  trolley  lines  in  Brooklyn,  and  passing  over 
would  find  their  way  through  the  city  by  underground  pipes, 
etc.,  and  thence  crossing  the  river  arrive  back  to  the  power-sta- 
tion in  Kent  avenue. 
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The  ])olarity  of  both  of  these  railway  systems  now  operated  on 
the  bridge,  indicates  that  these  curi'ents  escape  from  their  lines, 
but  it  is  also  quite  likely  that  currents  are  even  now  coming  over 
the  bridge  as  they  were  a  year  ago.  Only  an  extended  investi- 
gation would  determine  these  points,  even  if  it  were  desirable 
that  thev  should  be  known. 

Let  us  now  take  up  the  investigation  made  on  the  bridge  to  deter- 
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mine  if  possible  the  movements  of  straying  trolley  currents  and 
their  possible  effect  on  tlie  cable  terminals.  In  view  of  the  im- 
portance of  this  matter  I  regret  not  being  able  to  make  it  more 
thorough  than  here  stated,  as  it  would  involve  not  only  a  fort- 
night's work  at  least,  but  the  shutting  down  of  the  bridge  plant 
for  a  time,  which  could  hardly  be  expected  under  the  circum- 
stances. Such  facts  are  represented  however  as  it  was  practic- 
able to  obtain.  Recognizing  the  necessity  of  having  every 
detail  as  to  the  construction,  location,  etc.,  of  these  terminals  l)efore 
being  able  to  intelligently  consider  the  matter,  plans  prepared 
by  the  bridge  engineers  were  obtained  which  are  given  in  Figs. 
6  and  7.  These  show  tlie  exact  construction  of  the  cable  ter- 
minals and  anchor  plates,  besides  other  information  regarding 
construction,  all  of  which  is  from  an  official  source. 

In  regard  to  the  construction  of  the  cable  terminals ;  as  most 
of  us  know,  the  main  cables  are  made  up  of  eighteen  strands, 
or  smaller  cables,  which  are  practically  continuous,  the  wire  run- 
ning back  and  forth  from  New  Vork  to  Brooklyn,  passing 
through  the  holes  at  the  ends  of  heavy  steel  bars  or  links  at 
each  place,  and  the  ends  of  the  single  wire  being  finally  fastened 
by  a  rigid  screw  coupling.  These  two  rows  of  steel  bars  of  nine 
each,  which  are  attached  to  the  cable  strands,  one  row  placed  over 
the  other,  as  shown  in  Fig.  ♦>,  pass  down  with  a  graceful  curve 
into  solid  stone  masonry  to  the  anchor-plates,  and  are  secured 
to  them  by  heavy  steel  bolts  passing  through  the  eyes  at  the 
ends,  as  shown  in  the  figure.  The  anchor-plates  are  in  shape 
somewhat  longer  one  way  than  the  other  (see  plan;,  each 
being  a  single  piece  of  cast-iron,  weighing  twenty-three   tons. 

Coming  now  to  the  tests,  it  will  be  noticed  that  there  is  no 
possibility  of  reaching  the  anchor-plates  other  than  by  connec- 
tion through  the  cables  themselves,  and  they  being  firmly 
attac»hed  to  the  structure,  cables  and  all  are  practically  one  con- 
ductor; and  a  connection  on  the  structure  would  mean  connec- 
tion with  the  cables,  and  conse<iuently  with  the  anchor-plates. 

This  point  therefore  being  settled,  the  next  thing  was  to 
obtain  a  suitable  ground,  and  on  the  suggestion  of  Mr.  C.  li. 
Martin,  the  electrician  of  the  bridge,  one  of  the  railway  cables  wag 
used  during  that  })ortion  of  the  <lay  when  it  was  not  in 
operation  for  hauling  a  bridge  train.  This  was  a  conve- 
nient as  well  as  a  good  ground,  the  cable  surface  being 
polished    bright  through  friction  in  passing  over  the  pulleys,  it 
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was  possible  to  obtain  a  good  contact,  and  as  it  passed  over  the 
large  drums  in  the  engine  room  which  were  on  foundations  con^ 
necting  with  engines,  water-pipes,  etc.,  it  was  probably  the  best 
ground  inde|>endent  of  the  structure  obtainable.  The  connection 
to  the  structure  was  made  by  the  use  of  a  two-inch  screw  clamp, 
the  wire  to  the  voltmeter  being  attached  to  it  by  the  simple 
means  of  a  screw  and  washer.  Two  of  these  clamps  were  gener- 
ally used  in  nearly  all  of  the  previous  tests,  as  they  were  found 
very  convenient  for  attaching  and  detaching  quickly  to  and  from 
hydrants,  pillars,  etc.  The  first  test  under  these  conditions  wa« 
made  just  over  the  Brooklyn  anchorage,  where  the  structure  wa» 
found  to  be  positive  to  the  ground,  with  a  difference  of  poten- 
tial of  2f  volts  maximum,  estimated  average  If  volts. 

At  the  Brooklyn  tower  another  around  connection  was  made  to 
a  water-pipe,  which  ran  down  the  side  of  the  tower,  and  is  in- 
tended for  use  in  case  of  fire  on  the  bridge.  At  this  point  the 
reading  was  8f  volts  maximum,  average  2f,  bridge  structure  was 
as  before  positive.  At  center  of  span,  structure  positive  at 
first,  with  2^  volts  maximum,  but  during  the  readings  there  were 
two  reversals,  one  of  them  only  remaining  long  enough  to  obtain 
a  reading,  which  was  1^  volts  maximum,  structure  negative. 
At  the  New  York  tower:  structure  positive  to  cable  ground,  with 
trolley  variations  ranging  from  f  ths  to  15  volts,  average  2  volts. 
At  New  York  anchorage:  maximum  2f  volts,  average  2  volts,, 
structure  positive,  to  ground. 

Other  tests  were  made  to  determine  the  polarity  of  the  rails 
of  the  bridge  trains,  and  they  were  found  positive  to  the  struc- 
ture, the  same  as  the  mils  of  the  trollev  road  heretofore  tested. 
Let  us  now  consider  the  (piestion  of  the  electrolytical  conditions 
of  the  cable  anchorages,  as  this  point  appears  to  be  of  high  im- 
portance  in  this  matter,  if  not  the  key  to  the  whole  situation  in 
determining  whether  or  not  electrolytic  action  is  going  on. 
First :  These  anchorages  are  composed  of  solid  stone  masonry  and 
are  {)nt  together  with  the  highest  quality  of  cement ;  there  is  no 
brickwork  or  mortar  in  their  construction. 

2(1.  The  23  tons  of  iron  composing  the  plates  are  set  about  80 
feet  below  the  top  of  the  anchorage.  The  distance  from  the 
bottom  of  the  plates  to  mean  high  water  is  8  feet  8  inches  at  the 
New  York  end,  5  feet  at  the  Brooklyn  end  ;  there  is  no  earthy 
matter,  salt^  or  alkalies,  such  as  is  found  prevalent  in  the  streets 
which  go  to  make  up  an  electrolyte,  so  I  am  informed,  in  any 
part  of  this  structure. 
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J  WM  at  tint  appreheci^ive  time  «>a  acitoaac  of  rhe  «nKuparA- 
tively  ihort  duunce  between  mean  Li^  water  an*i  ttie  plates  at 
both  anehorageft  there  mi^ht  ^le  oppf>minity  f  »r  -^ali  water  to 
Ttateh  the  platen  thrr^agh  seepage  or  capillary  anraetion  and 
thereby  prod  nee  *nch  an  eleetroljtear  tocaoaeeom^^ion,  bat  haTe 
l^een  informed  that  it  u  not  p^Msible  for  iaic  water  c«>  reach  these 
terminal  platen*  on  accoont  of  the  distance  fr^xu  tlie  river,  the 
anchorages  being  over  Imn)  feet  from  the  towers  which  stand  at 
each  iride  of  the  river.  Even  allowing  1»h>  feet  for  the  salt  water 
to  work  back«  there  i^  »ti)I  ample  mar^n  a^  to  distance  l>efore 
«alt  water  can  reach  the*^  platen ;  besidei^  thi».  «>ne  of  the  bridge 
engineers  showed  me  a  plan  of  the  eonstmction  of  the  founda- 
tion nnder  each  anchorage,  which  con.«i0ts  of  heavy  timbers  IC 
X  10"  and  Home  12"  x  12"  arranged  in  4  to  7  layer*,  placed  a 
short  distance  apart,  and  the  intervening  spaces  tille^l  in  with 
concrete  cement. 

In  view  of  the  tests  therefore  that  have  l>een  made  showing 
the  stnictnre  and  cables  to  be  positive  at  both  ends,  it  is  qnite 
possible  that  a  portion  of  the  currents  straying  from  the  trolley 
lines,  and  possibly  from  the  bridge  service,  tind  their  way  out 
of  the  anchor  plates  through  the  dampness  of  the  stone-work  of 
these  anchorages.  The  construction  of  these  anchorages  how- 
ever is  such,  as  I  have  endeavored  to  set  forth,  that  it  seems 
reasonable  from  the  general  construction  of  these  piers  that  the 
ma^s  of  stone  and  concrete  surrounding  these  plates  wnll  not  con- 
stitute an  electrolyte  such  as  would  favor  electrolysis,  and  there- 
by cause  corrosive  action  on  them. 

One  of  the  bridge  officials  infonned  me  that  a  certain  author- 
ity had  reported  that  electrolysis  would  not  attack  cast-iron,  con- 
secjuently  their  cast-iron  anchor-plates  were  exempt  from  such 
danger.  In  the  light  of  recent  experience  in  other  cities,  that 
theory  Ih  now  untenable;  for  instance,  I  will  quote  a  few  ex- 
tracts from  a  pamjihlet,  giving  the  reports  of  four  experts,  be- 
sides that  of  the  Secretary  of  the  Water  Board  of  the  City  of 
J)ayton,  Ohio,  embodying  an  estimate  of  oost  for  repairing  the 
damage. 

Mr.  K.  K.  Hrownell,  E.  K.,  states:  '*  To  my  surprise  1  have 
found  in  this  city  a  six-inch  water  main  that  was  corroded  to  the 
depth  of  oiu'-(|uarter  of  an  inch  where  the  voltage  did  not  aver- 
age over  l.T)  to  2  volts  positive  to  the  rails,  therefore  it  is  inipossi- 
Im^  to  establish  a  certain  voltage  that  will  cover  all  eases  for  low 
reailings.'' 
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Tlie  following  extracts  are  quoted  from  the  report  of  Mr.  J. 
11.  Shaffer,  metallurgist: 

lie  says.:  ''In  accordenee  with  instructions  from  the  Board,  I 
have  made  a  careful  inspection  of  the  cast-iron  water  mains  at 
fifteen  different  locations  in  the  city,"  and  then  gives  the  results 
of  excavations,  etc.,  two  of  which  1  will  quote. 

Ist.  "  This  excavation  was  made  at  the  comer  of  Washington 
and  Mound  streets.  It  exposed  a  six-inch  main  and  a  ten-inch 
tee;  the  pipe  was  laid  in  1874,  and  the  tee  in  1888, both  were 
subjected  to  electroljtic  action  for  about  ten  years.  Both  pipe 
and  tee  showed  great  evidence  of  electrolytic  corrosion,  the  pipe 
being  damaged  to  an  alarming  degree,  with  holes  pitted  irom 
one-eighth  to  five-sixteenths  of  an  inch  in  depth,  and  covering 

a  large  portion  of  the  same The  lead  caulking  waa 

found  to  be  in  bad  condition,  and  showed  perceptible  evidence 
of  leaking.  The  pipes  at  this  point  were  nine  volts  positive  ta 
the  rails. 

"  2d.  This  excavation  was  made  on  Germantown  street,  near 
Krug.  It  uncovered  a  six-inch  pipe.  This  pipe  was  electrolyt- 
ically  corroded  in  about  the  same  proportion,  with  other  con- 
ditions identical.  A  lead  service  pipe  was  also  exposed  at  this 
point,  and  was  found  to  be  entirely  destroyed." 

A  (juotation  from  the  report  of  the  secretary  on  an  approxi- 
mate estimate  of  the  cost  of  replacing  water-pipes  damaged  by 
electrolysis  caused  by  electric  railway  currents  may  also  be  inter- 
esting. 

lie  says :  "  In  calculating  the  cost  of  replacing  the  pipes  in 
the  whole  affected  territory,  it  is  estimated  at  $77,208.80. 

"There  is  17,513  feet  of  pipe  that  shows  a  voltage  of  from 
two  to  nine  volts  positive,  and  from  pieces  of  pipe  removed 
where  electrically  charged  to  this  extent,  it  is  found  that  they 
have  deteriorated  fifty  per  cent,  in  four  years. 

''  Where  they  were  required,  when  laid,  to  withstand  a  hydro- 
static pressure  of  over  300  pounds  per  square  inch,  when  tested 
l>y  J.  11.  Shaffer,  iron  expert,  after  being  subjected  to  4.5  volt& 
for  four  years,  leaked  at  150  pounds  pressure. 

He  also  states  the  following:  "  At  4.5  volts  it  has  been  shown 
that  a  six  inch  pipe  can  certainly  become  useless  in  5  years." 

I  have  quoted  thus  freely  from  this  pamphlet  for  two  reasons^ 

one  to  show  that  it  is  a  mistake  to  suppose  that  cast-iron   is  not 

subject  to  corrosion  by  electrolysis  produced  by  railway  currents, 

and  also  to  show  the  penalty  to  which  a  city  is  subjected  through 

permitting  such  conditions  to  exist  so  long  that  they  cause  such 

heavy  damages  to  its  property.     In  the  light,  therefore,  of  what 

has  been  shown  to  be  the  state  of  affairs  in  the  upper  part  of  thia 

city  due  to  escaping  railway  currents,  as  well  as  the  experience 
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At  Dayton,  O.,  it  appears  to  be  the  diitj'  of  engineers  to  exercise 
every  possible  precaution  against  the  effects  of  this  invisible  ele- 
ment of  destruction,  which  if  left  to  itself  will  certainly  shorten 
the  life  of  valuable  city  property. 

In  the  cases  found  to  exist  up  town,  it  is  true  that  the  rails  of 
the  road  referred  to  are  apparently  the  priiicipal  metals  damaged, 
for  the  reason  that  they  happen  to  be  positive  to  the  water  pipes, 
but  as  the  escaping  current  goes  into  the  pipes  at  one  place  it 
must  come  out  at  others,  and  at  these  places  damage  may  be 
looked  for. 

The  damages  already  done  and  threatened  to  public  works  in 
England  by  electrolysis  has  led  to  the  establishment  of  regula- 
tions to  prev^entsuch  action  in  the  future,  and  similar  legislation 
mav  be  exi)ected  in  this  country  should  these  conditions  \y% 
allowed  to  continue.  One  of  the  provisions  in  the  regulations 
prescribed  by  the  British  Board  of  Trade  may  be  of  interest  just 
here.  It  is  to  the  effec^t  that  if  the  pipe  is  negative  to  the  rails 
the  potential  difference  shall  not  exceed  4.5  volts,  and  if  the  pipe 
is  positive  t(»  the  rails  the  potential  difference  shall  not  exceed 
1.5  volts.  This  appears  to  be  very  liberal  for  the  railways,  in 
view  of  thd  ex)>erience  in  cities  on  this  side  of  the  water;  it  is 
probable  however  they  will  be  made  more  stringent  as  future 
experience  in  this  direction  dictates. 

1  have  purposely  avoided  elaborating  in  this  paper,  any  par- 
ticular sclieme  for  preventing  damage  by  stray  railway  currents 
for  the  reason  that  methods  are  perfectly  well  known  to  railway 
companies  for  confining  currents  to  their  proper  conductors, 
such  as  efficient  bonding,  and  providing  a  return  that  will  leave 
no  inducement  for  the  current  to  seek  underground  pipes,  in 
preference  to  a  legitimate  conductor.  It  is  simply  a  (juestion  of 
additional  expense.  Referring  to  the  incandescent  light  current 
which  was  found  prevailing  everywhere  in  this  part  of  the  city 
from  the  Harlem  river  to  the  Battery,  passing  bntween  all  kinds 
of  underground  metals,  and  some  on  the  surface,  1  do  not  con- 
sider these  currents  as  particularly  dangerous  at  the  moment  on 
account  of  their  low  voltage,  but  as  before  stated,  it  having  been 
established  that  a  fraction  of  a  volt  difference  of  potential  will 
cause  electrolytic  action,  it  then  comes  di>wn  vsimply  to  a  ques- 
tion of  time,  when  those  straying  incandescent  currents  will 
have  to  be  seriously  considered. 

In    conclusion,    I    wish    to    say    that    these    remarks   regard- 
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ing  ])0S8ible  damage  to  public  structures  through  the  action  of 
electrolysis,  have  been  made  with  no  desire  on  my  part  to  appear 
as  an  alarmist,  ])ut  to  present  simple  facts  as  found  in  these  in- 
vestigations. I  believe  that  too  little  attention  has  heretofore 
been  paid  to  this  matter  by  any  of  us;  perhaps  for  the 
reason  that  electrolytic  action  being  invisible,  as  well  as  noiseless, 
it  ha«  thus  escaped  attention,  and  its  baneful  eifects  not  fully 
appreciated.  It  is  my  opinion,  however,  that  ordinary  caution 
would  suggest,  that  periodical  tests  should  be  made  in  every 
city  by  competent  parties  where  a  trolley  road  using  a  ground 
return  is  in  operation,  and  the  reports  placed  before  those  hav- 
ing authority  to  deal  with  the  matter.  In  this  way  threatened 
damage  by  electrolysis  to  water  and  other  pipes,  as  well  as 
bridges,  might  be  arrested  and  finally  controlled. 
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Dl8Cr88IOX. 

Mb.  William  Mavkr,  Jr.  : — I  feel  that  the  Institute  \b 
under  great  obligations  to  Mr.  Knudson  for  presenting  to  us 
to-night  in  such  an  admirably  succinct  and  clear  manner  the  more 
important  results  of  his  electrical  survey  of  the  city  ;  a  survey 
which  the  text  shows  has  extended  over  several  years,  and  which 
has  entailed  a  large  number  of  tests,  many  of  which  were  made 
at  all  hours  of  the  night  and  day.  And  necessarily  so,  for  it  is 
obvious  that  to  arrive  at  a  definite  conclusion  as  to  the  source  of 
the  fluctuating  currents  in  the  vicinity  of  l<^5th  street,  the 
effects  must  be  observed  when  the  known  and  possible 
sources  were  temporarily  absent.  In  this  case  Mr.  Knudson 
was  rewarded  by  discovering  a  normally  suppressed  source^ 
namely,  the  comparatively  steady  current  from  the  incandescent 
light  circuits. 

The  exhibits  which  Mr.  Knudson  has  been  at  the  trouble  to 
procure  for  us  are  excellent  instances  of  the  biter  bitten.  If  the 
state  of  affairs  which  these  exhibits  illustrate  may  be  taken  as  at 
all  comparable  with  what  is  taking  place  at  the  rails  and  tie-roda 
of  similar  roads  all  over  the  country,  it  should  teach  the  man- 
agers of  such  roads  that  it  may  be  a  matter  of  economy  to  pro- 
vide efficient  conductors  for  the  return  current  apart  from  gas 
and  water  pii>es,  etc. 

The  tie-roa  which  Mr.  Knudson  exhibits  appears  to  have  cor- 
roded to  a  greater  extent  in  the  middle,  and  towards  the  middle 
than  at  the  ends.  Inasmuch  as  it  may  be  assumed  that  all  parts 
of  the  rod  were  at  equal  potentials,  and  that  the  soil  between  the 
rails  was  of  a  uniform  character,  I  am  somewhat  at  a  loss  to  ac- 
count for  this  action.  Perhaps  Mr.  Knudson  or  some  other 
member  may  be  able  to  offer  an  explanation,  which  doubtless 
will  be  interesting. 

Since  learning  of  Mr.  KnudsonV  intention  of  presenting  this 
paper,  I  have  taken  occasion  to  make  inquiry  of  some  of  the  gas 
companies  as  to  whether  any  electrolytic  effect  had  been  thus  far 
observed  in  the  vicinity  of  185th  street,  and  was  informed  that 
a  recent  careful  examination  of  the  pipes  had  not  disclosed  any 
such  action  ;  which  is  so  far  reassuring,  and  also  is  confirmatory 
of  Mr.  Knudson's  tests.  It  does  not,  however,  prove  that  some 
such  action  may  not  be  taking  ])lace  at  a  remoter  point  where 
the  current  leaves  the  pipes. 

In  connection  with  my  duties  as  supervising  electrician  of  the 
high-tension  subways  in  this  city,  I  have  naturally  been  on  the 
alert  for  any  evidences  of  electrolysis  that  might  arise.  I  may 
repeat  what  I  have  on  other  occasions  stated  in  this  regard, 
namely,  that  no  clear  evidence  of  electrolysis  has  thus  far 
been  discovered  on  the  cables  or  iron  ducts  of  the  subways  of 
this  city.  I  should  perhaps  make  the  further  statement  which, 
however,  is  known  to  most  of  you,  that  until  comparatively  re- 
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cently  there  may  have  been  no  electric  traction  companies,  either 
overhead  trolley  or  open  conduit  in  New  York  city,  proper. 
There  have  been  one  or  two  instances  where  corrosion  oi  cables 
has  been  observed,  but  investigation  indicated  that  it  was  doe  to 
chemical  action  pure  and  simple. 

What  was  saia  to  be  a  case  of  electrolysis  in  a  "  solid  "  iron 
tube  which  passed  through  one  of  the  hand  boxes  of  the  subways 
on  Park  Row,  this  city,  was  reported  to  me  four  or  five  years 
ago.  On  investigation  I  found  a  small  hole  about  three-fourths 
01  an  inch  in  diameter  in  the  said  tube.  As,  however,  I  was 
aware  that  there  had  been  a  "bum  out"  in  a  joint  of  one  of  the 
"high-tension"  cables  in  close  proximity  to  this  pipe  I  con- 
cluaed  that  this  was  the  result  of  a  different  kind  of  electrolysis 
to  that  which  we  are  discussing.  Furthermore,  a  test  of  the  con- 
ductors in  the  tube  in  question  showed  them  to  be  up  to  the 
usual  standard ;  proving  that  the  defect  in  the  tube  was  of  very 
recent  origin ;  the  insulating  material  of  the  conductors  being  of 
a  fibrous  nature. 

I  mention  this  unusual  incident,  however,  because  of  the  fact 
that  at  the  time  of  its  occurrence  I  made  an  electrical  survey  of 
this  entire  neighborhood,  over  a  distance  of  about  half  a  mile 
from  the  Post  Office  east,  testing  from  the  subways  to  gas  and 
water  mains,  and  elevated  road  structures,  and  obtained  readings 
of  from  two-tenths  to  five-tenths  of  a  volt  at  every  point  testea. 
The  deflections  were  steady,  indicating  the  source  to  be  at  some 
electric  light  station.  These  tests  were  made,  it  will  be  under- 
stood, long  before  the  trolley  roads  crossed  the  Brooklyn  bridge. 
As  a  result  I  concluded  that  readings  of  this  nature  would  prob- 
ably be  found  in  any  city  where  electric  light  and  power,  or  even 
telegraph  terminal  stations  were  in  operation. 

Air.  Knudson's  query  at  the  bottom  of  page  623  regarding  the 
possible  condition  of  the  anchor  bolts  and  iron  foundations  of 
the  pillars  of  the  L  structure  where  his  tests  showed  them  to  be 
positive  to  the  surface  rails  and  water  pipes,  recalls  to  my  mind 
a  case  in  which  1  was  interested  some  time  ago.  It  does  not 
answer  his  inquiry,  but  it  may  be  interesting  in  connection  with 
it.  At  the  time  when  the  surface  roads  of  Brooklyn  had  decided 
to  change  from  horse  power  to  the  overhead  trolley  system, 
application  was  made  by  one  of  the  surface  roads  to  one  of  the 
elevated  roads  in  that  city  for  permission  to  use  their  structure 
for  the  support  of  their  trolley  wires  and  feeders,  wherever  they 
ran  under  them,  which,  as  is  well  known,  is  the  case  for  consider- 
able distances.  The  chief  concern  of  the  elevated  road  author- 
ities was  as  to  what  effect  a  possible  contact  of  the  trolley  wire 
with  their  structure  would  have  upon  a  passenger  on  their  lines, 
or  upon  a  passer-by  in  the  street,  who  might,  at  that  time,  touch 
the  structure  Being  consulted  on  that  and  other  points,  I  ex- 
prensed  the  opinion  that  no  apprehension  need  be  felt  on  the 
score  of  injury  to  any  one  coming  in  contact  with  the  structure 
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under  the  conditions  stated,  excepting  under  almost  impossible 
circumstances,  but  I  strongly  recommended  for  other  reasons 
that  in  the  event  of  the  desired  permission  being  ^iven,  it  be 
provided  that  no  intentional  electrical  contact  should  ever  be 
made  with  the  elevated  structure.  The  desired  permission  was 
^ven,  but  I  presume  the  recommendation  was  overlooked,  for 
in  the  course  of  a  year  or  two  it  was  discovered  that  the  surface 
road  had  at  various  places  connected  their  rails  by  large  copper 
wires  to  the  iron  pillars  of  the  structure,  under  the  surface.  On 
being  required  to  vacate  the  premises,  so  to  speak,  I  believe  it 
was  naively  claimed  that  this  use  of  the  structure  went  with  the 
right  to  suspend  their  wires  from  the  structure.  If  I  am  not 
mistaken,  I  think  the  further  contention  was  made  that  the 
passage  of  the  electric  current  through  the  structure  would  be  a 
positive  benefit  to  it ;  possibly  on  the  principle  that  "  electricity 
IS  life.-'     Of  course  the  structure  was  an  excellent  return  wire. 

The  information  which  Mr.  Knudson  has  been  at  the  trouble 
to  obtain  for  us  regarding  the  Brooklyn  bridge  anchorages,  etc., 
is  certainly  interesting  and  valuable,  and  while  he  is  in  no  sense 
an  alarmist,  rather  tiie  contrary,  with  regard  to  the  ultimate 
effect  uiK)n  the  bridge  terminals  of  j)ossible  electrolytic  action, 
the  results  which  he  has  obtained  should  be  an  incentive  to  tlie 
proper  authorities  to  take  every  possible  precaution  to  avoid  any 
possible  detrimental  effects. 

The  fact  that  the  anchorages  are  securely  and  deeply  embedded 
in  cement  should  perhaps  not  be  accepted  too  surely  as  a  ])ositive 
obstacle  to  electrolytic  action,  especially  as  high  voltages  may  he 
placed  upon  the  structure. 

I  have  more  than  once  pointed  out  that  although  the  iron  pi]>es 
of  the  New  Vork  subways  are  embedded  in  cement,  and  might 
therefore  be  considered  as  partially  insulated,  there  has  never 
been  a  time  when  the  lead  coverings  of  the  cables  therein  have 
not  furnished  excellent  "grounds."'  Dr.  J.  A.  Fleming,  also,  in 
a  paper  recently  delivered  before  the  British  Association,  on 
"The  Electrolytic  Corrosion  of  Water  and  (ias  Pipes  by  the 
Return  Currents  of  Electric  Tramways,"  has  expressed  the 
opinion  that  the  conduction  through  such  materials  as  moist 
clay,  cement,  etc.,  must  in  great  part  at  least  be  of  an  electrolytic 
character. 

Prof.  A.  C.  Pkckham  : — May  I  ask  Mr.  Knudson  a  question — 
if  he  knows  whether  this  tie-rod  was  horizontal  in  the  ground,  or 
whether  it  stood  edgewise.  The  question  is  based  upon  the  idea 
that  it  may  be  dithcult  to  account  for  one  edge  growing  thin  if  it 
lay  flatwise  iu  the  ground.  Hut  if  it  lay  edgewise  it  might  be 
natural  to  suppose  that  the  lower  edge  would  be  the  one  that 
would  grow  thin. 

Mr.  Knudson  : — It  lay  edgewise  in  the  ground,  being  an  inch 
and  a  half  wide.  The  lower  part  was  the  side  that  was  cut  the 
most.     That  is  the  part  that  was  dee]>est  in  the  ground. 
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Pkof.  1*k(  kham  : — It  might  be  eiipposed  that  one  part  of  tlie 
ground  would  be  damper  than  another. 

Mr.  Kntpson  : — They  were  all  in  ju8t  about  the  same  condition. 

Mr.  Thatchkr  T.  P.  Li^lkr: — I  would  like  to  ask  Mr. 
Knudson  if  he  knows  whether  there  is  a  return  feeder  for  the 
I'^nion  railway  on  13r)th  street,  or  whether  there  is  any  method 
used  for  bonding  the  rails  efficiently. 

Mr.  Knudson  : — I  have  seen  no  indication  of  any  overhead 
return  feeder  at  all.  1  presume,  however,  that  the  rails  are 
bonded,  but  just  how  well  they  are  bonded,  of  course  I  do  not 
knoNv,  as  they  are  covered  up  with  earth. 

[Information  on  this  point  raised  by  Mr.  Maver  and  Prof. 
Peckharn,  received  since  reading  the  paper,  shows  that  the  pres- 
ence of  the  ground  wire  is  ])robal)ly  the  cause  of  the  tie-rods  be- 
ing eaten  away  at  the  middle. 

The  wire  is  usually  placed  on  the  ties  midway  between  the 
rails,  and  consequently  but  a  few  inches  below  the  rods.  The 
escaping  current  in  such  case  would  pass  from  about  the  middle 
of  the  rods  to  the  ground  wire  (the  rods  and  rails  being  positive 
to  earth  and  pipes,)  and  the  excessive  cutting  at  this  portion  of 
the  rods  would,  without  doubt,  be  accounted  for.     A.  A.  K.] 

Mr.  Jessk  M.  SMrrn: — I  would  like  to  ask  Mr.  Knudson  for 
my  own  information,  being  a  stranger  in  the  city,  how  they  pro- 
pose to  overcome  the  difficulty  in  the  new  lines  on  Sixth  avenue 
and  Broad wav. 

Mr.  Knidson: — Metallic  circuits  will  be  used.  There  are 
two  conductors  with  the  open  conduit  system,  lying  side  by 
side.  Of  course  there  is  little  inducement  for  a  current  to  be 
diverted  from  those  conductors,  and  straying  off  on  iron  pipes, 
and  taking  some  other  course  back  to  the  station.  It  is  con- 
lined  to  those  conductors. 

Mr.  Smith  : — Both  insulated  of  course  from  the  conduits 

Mr.  Knudson: — Both  insulated. 

Mr.  Townsend  Woi.rorr: — I  would  like  to  ask  Mr.  Knudson 
if  lie  observed  any  great  difference  in  the  quality  of  the  soil — if 
the  chemical  nature  of  the  soil  has  anything  much  to  do  with 
electrolysis. 

Mr.  Knudson  : — No.  I  have  not  made  any  examination  of  the 
soils  in  the  different  parts  of  the  city. 

Mr.  Woi.cott: — It  is  a  little  hard  to  understand  just  what 
becomes  of  metal  chemically  unless  there  is  an  acid  of  some 
kind  present.  I  know  it  as  a  fact,  (I  have  tried  it  myself),  if 
you  take  two  copper  wires  from  a  dynamo — (I  think  the  dynamo 
I  tried  was  about  300  volts)  and  stick  them  in  a  pail  of  ordinary 
well  water,  pretty  nearly  pure,  the  positive  wire  will  be  corroded 
away  in  a  very  short  time.  I  believe  it  was  a  No.  4  wire  I  used. 
It  was  pointed  as  sharp  as  a  needle  in  a  few  minutes  by  the 
electrolysis.  But  I  do  not  know^  in  what  form  the  copper 
went  into  in  solution.     I  did  not  make  any  chemical  anal)  sis  or 
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under  the  conditions  stated,  excepting  under  almost  impossible 
circumstances,  but  I  strongly  recommended  for  other  reasons 
that  in  the  event  of  the  desired  permission  being  given,  it  be 
provided  that  no  intentional  electrical  contact  should  ever  be 
made  with  the  elevated  structure.  The  desired  permission  was 
given,  hut  I  presume  the  reeommendation  was  overlooked,  for 
in  the  course  of  a  year  or  two  it  was  discovered  that  the  surface 
road  had  at  various  places  connected  their  rails  by  large  copper 
wires  to  the  iron  pillars  of  the  structure,  under  the  surface.  On 
being  required  to  vacate  the  premises,  so  to  speak,  I  believe  it 
was  naively  claimed  that  this  use  of  the  structure  went  with  the 
right  to  su9|)end  their  wires  from  the  structure.  If  I  am  not 
mistaken,  I  think  the  further  contention  was  made  that  the 
passage  of  the  electric  current  through  the  structure  would  be  a 
positive  benefit  to  it ;  possibly  on  the  principle  that  "  electricity 
IS  life."     Of  course  the  structure  was  an  excellent  return  wire. 

The  information  which  Mr.  Knudson  has  been  at  the  trouble 
to  obtain  for  us  regarding  the  Brooklyn  bridge  anchorages,  etc., 
is  certainly  interesting  and  valuable,  and  while  he  is  in  no  sense 
an  alarmist,  rather  the  contrary,  with  regard  to  the  ultimate 
effect  upon  the  bridge  terminals  of  possible  electrolytic  action, 
the  results  which  he  has  obtained  should  be  an  incentive  to  the 
proper  authorities  to  take  every  possible  precaution  to  avoid  any 
possible  detrimental  effects. 

The  fact  that  the  anchorages  are  securely  and  deeply  embedded 
in  cement  should  perhaps  not  be  accepted  too  surely  as  a  positive 
obstacle  to  electrolytic  action,  especially  as  high  voltages  may  be 
placed  upon  the  structure. 

I  have  more  than  once  pointed  out  that  although  the  iron  pipes 
of  the  New  Vork  subways  are  embedded  in  cement,  and  might 
therefore  be  considered  as  partially  insulated,  there  has  never 
been  a  time  when  the  lead  coverings  of  the  cables  therein  have 
not  furnished  excellent  "grounds.''  Ur.  J.  A.  Fleming,  also,  in 
a  paper  recently  delivered  before  the  British  Association,  on 
"The  Electrolytic  Corrosion  of  Water  and  (las  Pipes  by  the 
Return  Currents  of  Electric  Tramways,''  has  expre8>ed  the 
opinion  that  the  conduction  through  such  materials  as  moist 
clay,  cement,  etc.,  must  in  great  part  at  least  be  of  an  electrolytic 
character. 

Prof.  A.  C.  Pkckham  : — May  I  ask  Mr.  Knudson  a  question — 
if  he  knows  whether  this  tie-rod  was  horizontal  in  the  ground,  or 
whether  it  stood  edgewise.  The  question  is  based  upon  the  idea 
that  it  may  be  difficult  to  account  ror  one  edge  growing  thin  if  it 
lay  flatwise  in  the  ground.  Hut  if  it  lay  edgewise  it  might  be 
natural  to  suopose  that  the  lower  e<lge  would  be  the  one  that 
would  grow  thin. 

Mr.  Knudson  : — It  lay  edgewise  in  the  ground,  being  an  inch 
and  a  half  wide.  The  lower  part  was  the  side  that  was  cut  the 
most.     That  is  the  i)art  that  was  dee])e6t  in  the  ground. 
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Pkof.  l^KCKHAM  : — It  might  be  supposed  that  one  part  of  tlie 
ground  would  he  damper  tlian  another. 

Mr.  KniDv^on  : — Tliev  were  all  in  just  about  the  same  condition. 

Mr.  Thatchkk  T.  P.  Li^lkr: — I  would  like  to  ask  Mr. 
Knudson  if  he  knows  whetlier  there  is  a  return  feeder  for  the 
Union  railway  on  13r)th  street,  or  whether  there  is  any  method 
used  for  bonding  the  rails  efficiently. 

Mk.  Knudsox  : — I  have  seen  no  indication  of  any  overhead 
return  feeder  at  all.  1  presume,  however,  that  the  rails  are 
bonded,  but  just  how  well  they  are  l)onded,  of  course  I  do  not 
know,  as  they  are  covered  up  with  earth. 

I  Information  on  this  point  raised  by  Mr.  Maver  and  Prof. 
Peckharn,  received  since  reading  the  paper,  shows  that  the  pres- 
ence of  the  ground  wire  is  ])robably  tlie  cause  of  the  tie-rods  be- 
ing eaten  away  at  the  middle. 

The  wire  is  usually  placed  on  the  ties  midway  between  the 
rails,  and  consecpiently  but  a  few  inches  below^  the  rods.  The 
escaping  current  in  such  case  w^ould  pass  from  about  the  middle 
of  the  rods  to  the  ground  wire  (the  rods  and  rails  being  positive 
to  earth  and  pipes,)  and  the  excessive  cutting  at  this  portion  of 
the  rods  wouhl.  without  doubt,  be  accounted  for.     A.  A.  K.] 

Mk.  Jessk  M.  Smith: — I  would  like  to  ask  Mr.  Knudson  for 
my  own  information,  being  a  stranger  in  the  city,  how  they  pro- 
pose to  overcome  the  difficulty  in  the  new  lines  on  Sixth  avenue 
an<l  Broadway. 

AFr.  Knidson: — Metallic  circuits  will  be  used.  There  are 
two  conductors  with  the  open  conduit  system,  lying  side  by 
side.  Of  course  there  is  little  inducement  for  a  current  to  be 
diverted  from  those  conductors,  and  straying  off  on  iron  pipes, 
and  taking  some  other  course  back  to  the  station.  It  is  con- 
line<l  to  those  conductors. 

Mk.  Smith  : — Both  insulated  of  course  from  the  conduits 

Mk.  Knudson  : — Both  insulated. 

Mk.  Townsend  WoLco'iT : — I  would  like  to  ask  Mr.  Knudson 
if  ho  observed  any  great  difference  in  the  (juality  of  the  soil — if 
the  chemical  nature  of  the  soil  has  anything  much  to  do  with 
electrolysis. 

AFk.  Knuuson  : — Xo.  I  have  not  made  any  examination  of  the 
soils  in  the  different  parts  of  the  city. 

Mk.  AVom'ott: — It  is  a  little  hard  to  understand  just  what 
becomes  of  metal  chemically  unless  there  is  an  acid  of  some 
kin<l  i)resent.  I  know  it  as  a  fact,  (I  have  tried  it  myself),  if 
you  take  two  copper  wires  from  a  dynamo — (I  think  the  dynamo 
I  tried  was  about  800  volts)  and  stick  them  in  a  pail  of  ordinary 
well  water,  pretty  nearly  pure,  the  positive  wire  will  be  corroded 
away  in  a  very  short  time.  I  believe  it  was  a  No.  4  wire  I  used. 
It  was  pointed  as  sharp  as  a  needle  in  a  few  minutes  by  the 
electrolysis.  But  I  do  not  know  in  what  form  the  copper 
went  into  in  solution.     I  did  not  make  any  chemical  analjsis  or 
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anything  of  that  kind.  But  there  was  the  fact  that  nearly  pure 
water  will  dissolve  copper  under  the  influence  of  current.  Of 
course  if  there  had  been  any  acid  in  the  water,  it  would  have 
gone  very  much  faster. 

The  President: — Has  the  author  any  further  remarks  to 
make? 

Mb.  Knudson  : — I  think  not,  with  the  exception  perhaps  re- 
garding the  last  remark  made  by  Mr.  Wolcott,  I  would  say  that 
so  far  as  my  knowledge  goes,  the  character  of  the  soil  is  about 
the  same  in  alt  of  the  cities ;  for  instance  that  up  town  from 
where  we  got  this  sample,  is  shown  to  be  sufficiently  electrolytic 
to  cause  that  much  corrosion.  I  have  no  doubt  that  the  same 
character  of  the  soil  exists  in  every  part  of  New  York  city  as 
well  as  in  other  cities.  Some  of  the  reports  from  Dayton,  Ohio, 
which  I  did  not  quote,  that  are  published  in  the  pamphlet,  show 
analysis  of  the  character  of  the  soil  there,  and  it  is  evidently 
about  the  same  as  it  is  here.  In  some  cases  the  action  on 
pipes  has  shown  a  covering  something  similar  to  graphite  where 
electrolysis  ha^  acted  upon  it,  and  I  have  no  doubt  tnat  the  soil 
in  most  of  the'  large  cities  of  the  country  is  of  just  about  the 
same  nature. 

Mr.  Woloott  : — There  are  some  parts  of  Manhattan  Island 
where  the  soil  is  almost  clean  sand,  if  you  go  down  a  little  depth, 
hardly  any  organic  matter.  I  have  no  doubt  that  a  soil,  for 
example,  that  contained  iron  pyrites  would  corrode  the  wire  very 
much  faster  on  account  of  sulphuric  acid  being  formed. 

Mr.  Jesse  M.  Smith  : — I  think  that  the  soil  of  all  cities  cer- 
tainly contains  a  great  deal  of  animal  matter,  animal  acids,  due 
to  the  droppings  of  the  horses  and  from  nuisances  of  that  kind 
in  the  street,  making  a  soil  which  is  admirably  adapted  for  elec- 
trolytic action,  particularly  where  there  is  water  present,  as  there 
is  nearly  always  especially  in  streets  paved  with  stone. 

I  want  to  state  a  fact  which  is  probably  known  to  a  great  many 
of  you,  that  in  the  city  of  Cincinnati  they  started  out  at  the 
beginning  with  an  overhead  double  trolley  system  of  electrical 
transmission  for  railroads.  They  have  persistently  stood  by  that 
system,  and  I  think  it  is  probably  the  only  city  in  the  country 
where  the  double  trolley  is  used  to  any  great  extent.  My  in- 
formation is  that  they  never  have  had  any  trouble  whatever  from 
electrolytic  action  in  that  city,  although  the  electrie  lighting  is 
largely  done  by  underground  conductors.  But  all  of  the  trofley 
system,  and  it  is  a  very  large  one,  has  overhead  double  con- 
auctors,  and  in  that  way  there  is  no  loss  of  current  from  the 
mains  to  the  water  pipes  or  gas  pipes,  and  I  understand  that  they 
And  it  a  great  economy  to  put  the  two  conductors  above  ground 
where  there  is  no  leakage  from  one  to  the  other. 

[Adjourned.] 


AMERICAN  INSTITUTE  OF  ELECTRICAL 

ENGINEERS. 


New  York,  Nov.  23rd,  18^8. 

The  129tli  meeting  of  the  American  Intsitutb  of  Electrical 
Engineers  was  held  at  12  West  3l8t  Street,  this  date,  and  was 
called  to  order  by  President  Kennelly  at  8:10  P.  SI. 

The  Secretary:  At  the  meeting  of  the  Executive  Com- 
mittee this  afternoon  the  following  associate  members  were 
elected  : 

Ahbe,  Cleveland         Professor    of     Meteorology,     The  Jos.  Wetzler, 

Weather  Bureau.   Washington.  T.  C  Martin. 

D.  C.    residence  2017  I  St..  N.  C.  P*  Chandler. 
W.  Washington,  D.  C. 

Cassidy,  Johx  Superintendent  Mutual  Telephone    T.  C.  Martin. 

Co  .  Honolulu,  Hawaiian  Islands,    Geo.  H.  Guv. 
U.  S    A.  Jos.  Wetzler. 

CosGRovE,  Jame.s  Francis  Head   of   Locomotive  Engin-  D.  C.  Jackson. 

ecring  Dept.  International  Cor-  J.  Glen  Wray. 

respondence  School.  6:^1  Madison  W.  H.  Donner. 
Ave.,  Scran  ton.  Pa. 

Fry,  Donald  Hume      Assistant    to  Robt.   McF.   Doble,    Geo.  P.  Low. 

202  Sansome  St.,  San  Francisco,    T.  B.  Theberath. 
residence.  Blue  Lakes  City.  Cal.     F.  P.  Medina. 

Hamiltok,  Jambs  Patent    Attorney  and    Expert  in     B.  L.  Nichols. 

Patent     Causes.    54    State    St..     H.  J.  Ryan. 
Boston.  Mass.  Fred*k.  Bedell. 

Hoffmann.  Bernhard  New  York  Telephone  Co.,  15  Dey    Stephen  D  Field. 

St.,  New  York  City.  U.  N.  Bethell. 

Herbert  Laws  Webb 

James,  Harry  D.  Expert   Draughtsman.  Otis   Bros.     W   M.  Scott. 

&    Co.,    residence.    10i»    Buena    C.  W.  Pike. 
Vista  Av,,  Yonkers.  N  Y.  Edwin  R.  Keller. 

Knox,  S.  L.  G.  First    Asst.     Engineerr    Crocker-    Gano  S.  Dunn 

Wheeler  Electric   Co..  Ampere.     F.  V.  Henshaw. 
residence.  Montclair.  N.  J.  F.  M.  Pedersen. 

Lkitch,  Howard  Wallace  Switchboard  Regulator,   The  Sam*l.  Sheldon. 

Edison  Elect.  Illuminating  Co..  Rftlpl^  W.  Pope, 

residence.     87H     Madison     St..  J.  W.  Lieb.  Jr. 
Bnwklyn,  N.  Y. 
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LoHHANN,  R.  W.  Electrical  Engineer.  1887  Madison  Geo.  P.  Low. 

Street,  Oakland,  Cal.  Sidney  Sprout. 

P.  P.  Barbour. 

Reno,  C.  Stowi  Electrical  Engineer.  Triumph  Elec-  T.  J.  Creaghead. 

trie   Co.,  630  Baymillen  Street,  Thos.  Prenoh,  Jr. 

Cincinnati,  Ohio.  A.  L.  Searles. 

Sperling,  R.  H.  Assistant  Engineer.  British  Colum-  W.   P.  C.    Hasson. 

bia   Electric  Railway  Co.,  Ltd.  P.  P.  Barbour. 

Victoria,  B.  C.  '  Wvnn  Meredith. 

Wilkinson,  James        Station  Manager,  Chief  Engineer,  Geo.  H.  Harris. 

Consolidated  Electric  Light  Co.,  S.  R.  Gross. 

812  South  19th  Street.  Birming-  R.  W.  Pope. 
ham»  Ala. 

Zahn,  a.  Wilpobd       Electrical    Engineer    and    Supt.,  G.  D.  Shepardson. 

Manhattan  Light.  Heat  and  Pow-  C.  L.  Pilbbury. 

er  Co.,  Manhattan  Building,  St.  A.  A.  Nimis. 

Paul,  Minn. 
Total  14. 

The   following   associate    members   were  transferred    to    full 
membership : 


Approved  by  Board  of  Examiners.  March  18th,  1898. 

Brooke-Ridley,    A.    E.      Agent.    Electrical    Engineer.    Siemens    &    Halske 

Electric  Co.,  San  Francisco,  Cal, 

Approved  by  Board  of  Examiners,  October  20th.  1898. 

Franklin  Robert  Anson,        Secretary  and  Manager,  Salem  Light  and  Trac- 
tion Co.,  Salem.  Oregon. 
Sidney  Hand  Browne,  Consulting  Electrical  Engineer.  Baltimore,  Md. 

The  President:  The  paper  for  the  evening,  advance  copies 
of  which  are  in  your  hands,  is  on  the  Design  of  Alternating 
Current  Tranpformers.  It  is  somewhat  lengthy,  and  it  contains^ 
as  you  will  notice,  a  number  of  mathematical  expiessions.  SSuch 
a  paper  is  very  difficult  to  have  read  aloud,  but  Prof.  Franklin 
has  kindly  promised  to  present  the  salient  features  of  this  paper 
in  such  a  manner  that  we  will  be  able  to  follow  it. 


A  /a/er  presented  at  the  t2Qth  Meettnj^  of  the 
American  Imstitute  t>/  FMctrical  EnfiiHters, 
Mew  i'ork,  Sox'ember  ZStd^  t9c)S,  Presit/fnt 
KenHcUy  in  the  Chair. 


THE  J)ESI(;X   OF  TKANSFORMKRS. 


Onthe1>est  PropoktionstoGiveto  Transformer  Cokes,  andthe 
Most  Advantageous  Distribution  of  the  Wasted  Energy, 

ToGKTIlER     WITH     A    DiRECT     MeTHOD    FOR    THE     DeSIGN     OF 

Transformers,    in  Order  to  Obtain  Maximum    All-Day 
Effioikncy. 


BY    FREDERICK    W.    CARTER. 


I.  Intt'odvctory, — In  deeigiiing  tninsformers  it  is  usual  to 
assume  values  for  certain  of  the  (juantities  which  occur,  and  to 
determine  the  details  of  the  transfoniier  to  suit  the  prescribed 
values  of  these  quantities.  Thus,  the  maximum  induction  io 
which  the  iron  is  subject,  the  proportions,  or  even  the  size  of  the 
cross-section  of  the  magnetic  circuit,  the  resistance  of  the  coils 
and  the  maximum  current  densitv  in  them  are  often  assumed. 
It  is  not,  however,  necessary  in  general  that  these  quantities 
should  have  tho^e  prescribed  values,  and,  in  fact,  in  practice  the 
effect  of  changes  in  the  assumed  quantities  is  tried,  and  the  I)e8t 
transformer  is  reallv  arrived  at  by  a  method  of  trial  and  error. 
Any  such  method  is,  however,  tedious  and  imperfect  in  the  case 
of  a  niachine  in  which  there  are  so  many  quantities  that  may  be 
varied,  and  the  present  paper  is  intended  principally  to  determine 
ojice  for  all  the  conditi4)n8  of  proportion  and  distribution  of  wasted 
])ower  which  lead  to  as  little  loss  of  eaergy  as  possible.  The 
transformer  may  be  made  to  satisfy  these  conditions  by  the  method 
of  trial  and  error,  by  successive  approximation,  or  by  any  other 
method  that  may  be  thought  suitable  by  the  designer,  but  as  the 
analysis  used  indicates  a  perfectly  direct  method  of  obtaining  par- 
ticulars of  the  transformer  to  satisf v  the  outside  conditions  and 

0:tO 
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to  give  miDiinum  waste  of  energy  with  materials  of  given  quality, 
the  author  has  included  a  description  of  the  method  in  the  paper. 
The  assumptions  on  which  the  work  is  based  are : 

1.  That  the  hysteresis  loss  is  given  by  8teinmetz  formula,  that 
is,  it  varies  as  the  volume  of  iron,  as  the  frequency,  and  as  some 
power  of  the  maximum  induction.  (The  1.6th  power  is  generally 
taken,  but  the  results  are  worked  out  for  a  general  index  in  Ap- 
pendices B  and  C ) 

2.  That  the  eddy  current  loss  varies  as  the  volume  of  iron,  as 
the  square  of  the  frequency,  as  the  square  of  the  thickness  of  the 
core  plates,  and  as  the  square  of  the  maximum  induction. 

3.  That  the  ohmic  loss  varies  as  the  resistance  of  the  coils  and 
as  the  square  of  the  current  in  them. 

These  assumptions  are  probably  sufBciently  nearly  correct  for  the 
work,  especially  over  the  range  of  induction  which  occurs. 

All  that  we  shall  assume  known  at  the  outsjt  concerning  the 
transformer  itself  are : 

1.  The  magnetic  quality  of  the  iron  of  the  core. 

2.  The  electric  quality  of  the  copper  of  the  circuits. 

3.  The  thickness  of  core  plates  and  the  amount  of  inr^ulation 
between  them :  atid  often  — 

4.  The  maximum  current  density  allowable  in  the  coils. 

The  second  of  these  is  practically  invariable,  or  so  far  as  it 
▼aries,  it  chiefly  depends  on  the  temperature  of  working.  The 
third  is  discussed  in  Appendix  A.  The  fourth  is  usually  assumed, 
because,  as  shown  in  section  vii.,  some  coTidition  is  necessary  to 
iix  the  absolute  size  of  the  transformer. 

The  outside  conditions  supposed  given  are : 

1.  The  primary  and  secondary  voltages. 

2.  The  frequency  of  alternation. 

3.  The  normal  full  load. 

4.  The  load  time  curve,  as  nearly  as  it  can  be  predetermined. 
6.  The  wave  form,  or  the  form  factor,  of  the  primary  p.  d. 

wave  wherever  possible. 

The  fourth  of  these  is  required  because  it  is  the  ''  all-day'-  efli- 
ciency  that  is  made  a  maximum,  and  the  conditions  of  load  should 
be  known  as  nearly  as  they  can  be  predetermined.  When  the 
fifth  condition  is  known,  the  transformer  can  be  designed  to  suit 
the  wave  form,  which,  although  it  has  no  effect  on  the  ])roportion8 
of  the  transformer,  affects  to  some  extent  the  absolute  size  and 
the  number  of  convolutions  of  the  wire. 
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The  satisfaction  of  the  condition  of  maximum  efficiency,  besides 
making  the  energy  wasted  a«  small  as  possible,  will  also  give 
minimum  heating  for  the  amount  of  radiating  surface,  since  the 
heat  developed  is  a  direct  measure  of  the  energy  wasted.  Again, 
the  drop  of  secondary  voltage  as  the  load  is  increased  depends 
principally  on  the  ohmic  resistance;  a  type,  then,  which  has 
small  ohmic  losses  should  have  this  drop  of  voltage  correspond- 
ingly small,  so  that  making  the  waste  of  energy  a  minimum  con- 
duces to  good  regulation.  The  result  will  show  that  the  shape  of 
the  core  is  not  favorable  to  large  magnetic  leakage,  so  that  the 
regulation  on  this  account,  too,  should  be  good. 

The  transformers  contemplated  are  of  the  closed-iron-circuit 
type  and  the  load  is  su])po8ed  non-inductive. 

II.  Sources  of  Waste  Considered. — The  chief  sources  of  loss 
of  energy  in  a  transformer  are : 

1.  The  ohmic  loss  in  the  primary  and  secondary  coils. 

2.  The  hysteresis  loss  in  the  core. 

8.  The  eddy-current  loss  in  the  core. 

Of  these,  the  last  is  usually  small  compared  with  the  two  pre- 
ceding it,  and  the  calculations  of  the  size  of  the  various  parts  are 
best  performed  by  neglecting  it  in  the  first  instance,  and  then,  if 
required,  applying  corrections  to  the  results  in  order  to  take 
account  of  it.     (See  Appendix  A). 

III.  A  Theorem  on  the  Distribution  of  the  Jesses  Between 
the  Magnetic  and  EUciric  Circuits, — The  first  proposition  we 
shall  prove  is  concerned  with  the  distribution  of  loss  of  energy 
between  the  iron  and  copper  circuits  and  may  be  stated  thus : 

"  Given  the  iron  circuit  of  a  transformer  of  prescribed  output, 
then,  in  order  to  make  the  wasted  energy  a  minimum,  the  num- 
ber of  turns  of  wire  in  the  coils  must  be  such  as  to  make  the 
ohmic  loss  equal  to  O.s  times  the  hysteresis  loss,  plus  the  eddy 
current  loss." 

This  statement  assumes  that  the  index  occurring  in  the  Stein- 
nietz  formula  is  1.6.  Be  it  otherwise,  a  small  obvious  change 
must  be  made  in  the  statement  of  the  proposition ;  in  fact,  if  it 
be  £  then  instead  of  O.S  we  must  write  £/2  in  our  enunciation. 
The  copper  circuit,  including  its  insulation,  is  supposed  to  take  up 
all  the  space  allotted  to  it,  so  that  any  increase  in  the  number  of 
turns  in  the  coils  necessitates  a  corresponding deereasein  the  cross- 
section  of  the  wire.  In  other  words,  the  total  cross-section  of 
each  coil  is  known. 
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Let  A  be  the  total  cross-section  of  copper  in  the  primary. 

I  the  mean  length  of  a  turn  of  the  primary. 

n  the  number  of  turns  in  the  primary, 
and  /  the  primary  current. 

Then       is  the  cross-section  of  the  primary  wire  and 

In 

r  T  or  />  4  n' 

—  A 

n 

is  the  resistance  of  the  primary,  where  p  is  the  specific  resistance 
of  copper.     Thus  the  power  wasted  in  the  primary  = 


'    A 


ff  -:  n^   I^  j:   n 


Similarly  the  power  wasted  in  the  secondary  varies  as  the  square 
of  the  numlKjr  of  secondary  turns,  or  as  n\  since  the  ratio  of 
transformation  is  supposed  given. 

Thus  the  ohmic  loss  varies  as  n^  and  if  we  call  it  U^  we  may 
write  O  =  (0  n*',  where  (o  is  independent  of  n. 

The  maximum  number  of  lines  of  force  through  the  magnetic 
circuit  is 


at  no  load,  where  V^  is  the  maximum  value  of  the  potential 
difference  between  the  primary  terminals,  and/*  is  the  frequency. 
The  number  is  very  slightly  less  at  full  load,  but  we  are  only 
concerned  with  the  fact  that  it  varies  inverselv  as  n  at  all  safe 
loads.  Hence  the  induction,  which  is  this  divided  by  the  area  of 
cross-section  of  the  magnetic  circuit,  varies  inversely  as  n. 
Uence  the  hysteresis  loss,  which  varies  as  the  induction  to  the 
power  of  J. 6,  varies  as  nr^^. 

Thus  if  ZTbe  the  hysteresis  loss,  we  may  write  II  ^=  h  y*""*% 
where  h  is  independent  of  n. 

Again,  the  eddy  current  loss  varies  as  the  square  of  the  indue- 
tion,  and  therefore  as  n-. 

Thus  if  ^'be  the  eddy  current  loss,  we  may  write  E  =  e  n~*^ 
where  e  is  independent  of  ;?.     Hence  if   W  be  the  total  loss, 

W  =  Q  +  11+  E 
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thuB 

^J'  =  2  ft>  72  —  1.6  h  n-2«  —  2  /?  ;i-«. 
0  n 

This  is  zero  when  IF  is  a  minimum, 

...  ?  {,0  7i'  —  0.8  A  «-»•  —  (^  n-^  =  0 
n 

or  y  =  0.8  //+  ^'  which  proves  the  proposition. 

The  fact  that  this  sohition  corresponds  to  a  minimum  value  of 
W,  and  not  to  a  maximum,  can  \ye  seen  from  the  nature  of  tlie^ 
case,  or  from  the  fact  that 

^!J  =2(0+  1.6  X  2.6  h  n-^'  4-  2  X  3  ^  n"^ 
d  ir 

which  is  necessarily  positive. 

IV.  Extension  of  the  theorein  to  the  case  of  a  variable  load, — 
The  above  conclusion  is  true  whether  the  load  is  constant  or 
variable,  provided  that,  in  the  latter  case,  by  the  various  losses 
we  understand  the  time  average  of  those  losses.  For  if  W  be 
the  time  average  of  the  total  loss,  using  the  same  notation  as  in 
the  last  section,  we  shall  have 

r  7'  r 

o  o  o 

where  w,  h,  and  e,  are  now  functions  of  t. 

Thus 

T  T  r 

—  =_      I  w  71  a  t  —  -=     I  h  n  ^^  a  t  —  -^    I  e  7?^  a  t 
d  71       rJ  TJ  TJ 

o  o  o 

Hence,  if 

ti-"  =  0 
d  n 

r  T  T 


O 


or  i>  =  0.8//+^ 

where  i?,  7/,  and   E^  are  now   the   time  averages  of  the  olimia 
loHs,  the  hysteresis  loss,  and  the  eddy-current  loss,  respectively. 


<44  CARTER  ON  DB8I0N  OF  TRANSFORMERS.  [Not.  28, 

V.  Zimits  of  the  theorem, — It  is  to  be  understood  that  the 
theorems  of  the  last  two  sections  refer  to  a  transformer  whose 
core  is  given.  In  a  transformer  where  some  other  condition  is 
prescribed,  we  might  find  the  relation  between  ohmic  and  iron 
loss,  required  to  give  minimum  total  loss,  to  be  quite  other  than 
that  found  above ;  but  having  so  determined  the  transformer,  we 
can,  with  the  same  core,  always  find  a  copper  circuit  of  the  same 
weight,  which  will  give  less  total  loss,  but  it  will  only  be  bj 
violating  the  prescribed  condition.  For  instance,  if  the  ohmic 
loss  is  prescribed,  we  shall  have  the  total  loss  a  minimum  when 
the  iron  loss  is  as  small  as  possible.  Thus,  a  large  core,  and  a 
large  number  of  turns  of  thick  wire,  will  give  less  loss  than  score 
designed  to  make  the  ohmic  loss  equal  to  O.b  times  the  hysteresis 
loss  together  with  the  eddy-current  loss ;  but,  given  that  larger 
core,  we  can,  with  the  same  weight  of  copper  make  a  more  effi- 
cient transformer  by  satisfying  this  relation,  though  it  will,  by 
diminishing  the  ohmic  loss,  violate  the  prescribed  condition. 

In  fact,  if  the  relation  proved  above  is  not  satisfied,  we  can, 
without  altering  the  core,  and  without  altering  the  weight  of  the 
copper,  (and  so,  practically,  without  altering  the  cost,)  improve 
the  transformer,  ss  regards  efficiency,  by  satisfying  this  relation. 
So  that,  hereafter,  in  designing  transformers,  we  shall  usually  as- 
sume that  the  above  relation  is  to  be  satisfied  as  well  as  the  pre- 
scribed conditions. 

VI.  Direct  application  of  the  theorem, — The  results  of 
sections  3  and  4  enable  us  immediately  to  find  the  number  of 
turns  of  wire  in  the  primary  and  secondary  coils,  which  will 
make  the  efficiency  a  maximum,  when  the  core  is  given.  For  if, 
as  before  i?,  //,  and  E,  be  the  average  values  of  the  ohmic  loss, 
the  hysteresis  loss,  and  the  eddy-current  loss  respectively,  and 
we  M'rite 

iJ  =  io  n\         n  =  h  n-'\         E  =  e  n-\ 

where  ro,  A,  f,  are  independent  of  7*,  then,  to  afirstapproi^imation 

Q  =  0.8  /A 

or  (0  h^  =  0.8  An-^^ 

or  //'•  =  0.8  ^  , 

(0 

and  h,  lo,  are  known  in  terms  of  the  size  of  the  core,  and  the 
quality  of  the  materials. 
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The  correctioD  to  be  applied  to  this  to  take  account  of  eddj- 
current  loss  is  easily  made. 

For  suppose  n  given  by  the  equation  above,  and  n-^-  d  n  to- 

satisfy 

i?  =  0.8  fl^  +  jg;  or  that 

io  {n  +  8  )if  =  0.8  A  (/I  +  (J  n)->-«  +  e  n-\ 
Thus 

2  n^  10  --^  =  —0,S  X  1.6   A  n-''  —  4-    en-\ 

neglecting  squares  o£  small  quantities. 
This  may  be  written 

n*  (0  —  +  1 .6  rr  a)  —  =  €  n  \ 
n  n 

3    1*        9  O   71  _2 

.f)  n*  o)  —  =  ^  71    , 

n 

^            e  nr^ 
or  0  n  =  —- .71. 

3.6  (0  T? 

The  calculations  required  to  find  <i>,  A,  and  e^  will  be  given 
hereafter.     (§  §  xvii.  and  xviii.) 

VII.  Necessity  of  a  condition  to  determine  the  size  of  the 
transformer, — If  the  proportions  only  of  the  core  are  given,  and 
not  the  actual  size,  then,  as  stated  in  the  first  section,  some  con- 
dition will  be  necessary  to  limit  the  actual  size,  as  there  is  no 
transformer  whose  waste  of  energy  is  an  absolute  minimum, 
when  only  the  quality  of  the  materials  and  the  external  condi- 
tions are  given.     This  can  be  seen  as  follows : — 

Suppose  the  linear  dimensions  of  the  transformer  are  increased 
X  times  in  all  parts,  except  the  thickness  of  the  core  plates,  which 
is  to  remain  constant. 

Since  the  output  and  voltage  are  given,  the  currents  are 
practically  given,  hence  the  ohmic  loss  varies  as  the  resistances 

. ,     .  .  length  of  wire  1  1 

that  18  as    f T7—     or  as    -p ^^ : —     or  as  -. 

area  of  cross-section  linear  dimensions  **^    • 

so 

Again,  since  the  voltage  and  frequency  are  given,  and  the 
number  of  turns  of  wire   remains  constant,  the  total  flux  of 
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mM^teii^  Iswr*  rer/jftin*  ecrn.-t*n:,  L«tiK«  ihe  :!^*2iKt>>a,  c-r  dux  per 

■ 

^* 

Now   the  liTst^r^i*  I#>3i^   Tarieft  Ac  the  v>^!aziie  of  u»n  and    the 
l>JtL  power  of  the  indaction.  that  U  ae  r*  >~*  -*.  or  a* 

jc*  /  jT-^^    era*  -^.. 

And  the  eddv  current  lijnA  varies  a^*  the  rolame  of  iron  and  the 
•rjrjareof  the  induction,  that  is  as  z'  'J^'^  or  as 

jf^  /  ar~*.  or  as  -. 


X 

Tbuft  thii  increase  of  the  transformer  diminishes  theohmicand 
eddv  current  loMen  x  times,  and  the  hvsteresis  los^-  x^^  times:  so 
that  all  the  hisses  are  decreased  bv  the  increase  of  ths  size. 

Of  course,  if  the  index  of  the  power  of  the  induction  in  Stein- 
metz's  formula  were  less  than  1.5.  the  hvstere^is  loss  wsnld  in- 
crease  slightly  with  increase  of  size^  but  as  exact  proportionality 
nee^l  not  \h;  aime^J  at  in  the  increase,  there  is  little  doubt  that«by 
•lightly  increasing  the  numl^er  of  turns  of  wire  on  the  ooils,  we 
c^iuld  always  make  all  the  Kisses  decrease,  by  increasing  the  size 
of  the  transformer. 

Thus,  we  see  that  s^^ine  condition  is  necessarv  to  determine  the 
alMkilute  size  of  the  transformer.  Practicallv  this  is  limited,  on 
the  one  liand  by  cost,  and  on  tlie  other,  by  considerations  of  safety, 
j)erformance.  and  e<M>nomy.  The  ideal  way  of  proc<>eding  with 
the  design  would  be  to  allow  these  limits  to  determine  the  size. 
They,  however,  are  not  definite,  and  are  incapable  of  l)eing  ac- 
curately expressed,  in  any  simple  manner,  in  terms  of  the  linear 
dimenHJons.  In  the  last  section  the  size  was  determined  by  the 
size  of  the  core.  In  orrler  to  investigate  what  core  will  best  satisfy 
our  coiiditiouH,  we  shall  assume  that  the  maximum  current  density 
in  the  copper  is  given.  This  is  a  usual  assumption  to  make  in 
designing  transformers,  and  the  current  <lensitie8  practically  used 
are  well  known.  The  olimic  loss  i)er  unit  volume  <»f  copper  is 
determined  by  the  current  density,  which  is,  accordingly,  inti- 
mately coniuicted  with  the  heating,  and  which  will  not  vary  very 
nnu^h  between  difFerent  trauHformcrs  of  the  same  standard  of  ex- 
cellence. 

VIII.  Principles  of  ilie  (IchUju  of  n  transfonner  whose  pro- 
poiilftiis  (ire  (jiven, — We  will  now  discuss  the  (piestion  of  the 
actual  size  of  a  transformer  whose  proportions  are  given,  which 
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will  satisfy  the  relation  proved  in  sections  3  and  4,  and  be  such 
that  the  maximum  current  density  in  the  copper  is  given. 

Since  the  power  and  voltage  are  given,  the  maximum  current 
in  each  coil  is  practically  known ;  so  that,  to  he  given  the  max- 
imum current  density,  is  virtually  tf>  be  given  the  size  of  the  wire 
used  for  the  coils. 

Let  a,  J,  c, — be  proportional  to  linear  dimensions  of  the  trans- 
former. 

Let  X  a,  X  J,  x  c, — be  tlie  corresponding  actual  linear  dimen- 
sions. Since  the  cross-section  of  the  wire  is  given,  the  number  of 
turns,  (n),  varies  as  the  area  of  the  winding  space,  or  n  a  a-'. 

l^ow  the  induction  varies  inversely  as  n  and  inversely  as  the 
-area  of  cross-section  of  the  magnetic  circuit,  and  therefore,  in- 
versely as  x\ 

Hence  the  hysteresis  loss,  which  varies  as  the  volume  of  iron, 
and  as  the  l.tJth  power  of  the  induction,  varies  as  t?  (ar^y*^,  or  as 

Thus  if  we  call  it  //,  we  may  write, 

II  =•  h^  u?~^*\  where  h^  is  independent  of  x. 

Similarly,  the  eddy-current  loss  varies  as  the  volume  of  iron, 
and  the  square  of  the  induction,  or  as  x^  (a;~*/,  or  as  x~^. 
Thus  if  we  call  it  E^  we  may  write 

if  =  e^  a*"*,  where  e^  is  independent  of  x. 

The  ohmic  loss,  since  the  maximum  current  density  is  given, 
varies  as  the  volume  of  copper,  or  as  u?. 
Thus  if  we  call  it  J?,  we  may  write 

Q  =1  (0^^  where  w^  is  independent  of  x. 

Thus  X  is  given  by  the  equation 

10^  Q?  =  0.8  hi  x-^'^  +  e^  xr^. 

To  solve  this,  we  may  tirst  neglect  E,  and  so  get     . 

x'*  =  0.8  i^ 

which  gives  a  first  approximation  to  x. 

The  correction  to  be  applied  to  this  to  take  account  of  the 
eddy -cur  rent  loss  may  be  found  thus : 

Calling  the  correction  to  be  applied  to  a?,  8  x,  we  shall  have 
d  X  given  by 

w^ix  -\-  8  xf  =  0.8  A,  yx  -\-  d  «)-*-*  -{-  e^{x  +  d  a?)^, 

where  x  is  given  by 

(o^a?  =  0.8  Ai  xr^-* ; 
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thus 

3  ail  a?»  1^  =  —  3.4  X  0.8  h,  a?-»*  —  +  e,  »-', 

X  X 


or 


or 


d  X 
6.4  (OiX^  —  =  ^i  a?""**, 

a; 


a  aj  =  -^^  ^  °     .  X 


6.4  ftix  aj" 

The  calculations  required  to  find  Wi  hi  and  e^  will  be  given  here- 
after.    (§§  XVII  and  xviii.) 

IX.  Ducmssion  of  the  same  design,  when  the  conditions  oj 
§§  III  and  IV  are  not  assumed, — It  mufit  be  observed  that  the 
problem  of  the  last  section  is  quite  different  from  that  of  finding  a 
core  which  will  give  the  greatest  efficiency  with  the  given  cross- 
section  of  wire,  and,  just  as  in  §  v  we  found  that,  for  a 
minimum  loss  of  energy,  the  core  would  have  to  be  infinite, 
when  the  ohmic  loss  is  prescribed,  so  here  we  may  show  that  the 
core  which  gives  least  wasted  energy  when  the  cross-section  of 
the  wire  is  prescribed,  is  larger  than  is  required  to  give  the  best 
distribution  of  losses  between  iron  and  copper. 

For,  using  the  same  notation  as  in  the  last  section,  if  IF  be  the 
total  loss, 

W^  S+  B  +  F, 

=  (Oi  a?  '\-  hi  ar^'*  +  ei  x~^ 

^-—  =  3  a>i  a^  —  3.4  h^  x-*'  —  5  e^  x'^ 
8x 

Hence  if  W  is  a  minimum 

a>i  a;'  =  —   fi^x  ^'*  -4-  -  e.  X  -". 

or 

S  =  1.13  77+  1.67  E: 

Thus  iJ  >  0.8  77  +  K 

Hence,  if  we  increased  the  cross-section  of  the  wire  and  di- 
minished the  number  of  turns,  we  should  diminish  the  ohmic 
loss,  and  increase  the  iron  loss,  but  we  should  diminish  the  total 
loss.  The  increase  of  the  crose-section  of  the  wire  is  not  a  detri- 
mental variation,  so  that,  as  a  rule,  it  will  be  advantageous  to  as- 
sume that  the  given  cross-section  of  the  wire  is  that  which  makes 
the  energy  wasted  as  small  as  possible  with  the  core  found  /  in 
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other  words,  the  method  of  design  given  in  the  last  section  is  the 
appropriate  one  to  apply  to  the  problem. 

X.  Th^  shell  transformer^  which  gives  least  waste  of  energy^ 
considered. — Thus  we  see  how,  when  wo  are  given  the  propor- 
tions of  the  core,  we  can  iind  the  size  which  will  give  least 
wasted  energy,  subject  to  the  condition  that  the  maximum  cur- 
rent density  is  prescribed.  We  will  now  investigate  the  subject 
of  the  best  proportions  to  give  to  the  core,  in  order  that  the 
efficiency  may  be  a  maximum  when  the  maximum  current  den- 
sity is  prescribed  as  before.  We  shall  also  assume  that  the 
copper  circuit  is  that  which  gives  greatest  efficiency  with  the 
core  found,  in  other  words,  we  shall  assume  the  condition  of  sec- 
tions 3  and  4. 

It  will  be  necessary  to  fix  upon  the  general  type  of  the  trans- 


«"x. 


/  - 


a  I 


*  * 


ELEVATION 


PLAN 


Fig    1 


former,  and  I  shall  deal  first  with  one  of  the  ordinary  shell  type, 
in  which  the  dimensions  a,  5,  o,  /,  are  as  indicated  in  the  accom- 
panying diagram.     (Fig.  1.) 

Since  the  maximum  current  in  the  coils  is  known,  as  also  the 
maximum  current  density,  the  cross-section  of  the  wires  is 
known.  Hence  the  number  of  turns  in  a  coil  varies  as  its  cross- 
sectional  area,  that  is  as  the  winding  space.  Hence,  if  n  be  the 
number  of  primary  turns. — 

n  varies  as  a  c. 

Again,  the  magnetic  induction  varies  inversely  as  the  cross- 
section  of  the  magnetic  circuit,  and  inversely  as  n^  that  is,  in- 
versely ac,  hi. 
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The  v^olume  of  iron  varies  as  the  measured  voluoie  of  the  core, 
that  \%  2A  ^  hi  {a  '\- I  -\-  (3)^  or  2A  bl  (a  +  i  +  c). 

The  hysteresis  loss  varies  as  the  volume  of  iron  and  as  the  1.6th 
power  of  the  induction,  that  is,  as  J  ^^r  -f-  ^  +  c)  {ach  /)"*••. 

Thus  if  H  be  the  hysteresis  loss,  we  may  write 

where  Z/j  is  independent  of  the  dimensions. 

The  eddy-current  loss  varies  as  the  volume  of  iron  and  as  the 
square  of  the  induction,  that  is  as  b  f  (a-^l-^-c)  {a  c  b  /)~*. 

Thus  if  ^be  the  eddy-(;urrent  loss,  we  may  write  : — 


-2 


K  =  i\  {a  +  b  +  c)  {b  I)-'  {a  c) 

where  £i  is  independent  of  the  dimensions. 

Since  the  current  density  is  ^iven,  the  ohmic  loss  varies  as  the 
Tolume  of  copper,  that  is  as  the   volume   of  the  coils,  that  is  as 

ac{2l-\-7rb'}-  c)y  (assuming  the  ends  of  the  coils  to  be  semi- 
circular.) 

Thus  if  S  be  the  ohmic  loss,  we  may  write  : — 


ii  =  iJ,a  e{2l  +  n  b  +  c), 

where  H^  is  independent  of  the  dimensions. 

The  problem  we  have  to  solve,  is  to  find  the  values  of  a,  J,  c 
and  Ij  which  make  Q  -\-  II  -\-  E  b,  minimum,  subject  to  the  con- 
dition, a  =  0.8  //  +  ^)  or  as  we  may  state  it,  we  have  to  make 
the  total  loss, — which  we  will  call  ir,  and  write  ^Y  =^  H  •\-  H 
-\-  E  -{-  K{i^  —  0.8  U  —  ^),a  minimum  where  K  is  a  constant 

so  chosen  that  — -—  =  0   identically    for  the  values  of  a,  J,  c,  i, 

o  I 

which  give  maximum  efficiency,  and  a,  1>^  c,  are  now  independent 

variables. 

Jlence 
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di 


=  {\+K)Q 


^ —  (1  —  0.8  iT)  J3"  ^ 

a^  +  ;r*  +  c  I 

—  {\  —  K)  e\  =  Q 

V 


^^  ={\^K)  Qi  +  (1-0.8  K)  H  [1^-1:^1 

+  (\-X)E  l-r^  -  H]   =  0 

^-}^=:{1  +  K)SJ-  ^  +(1-0.8^)//- 


_a  +  J  +  ^' 


0.6 
J". 


+('-^)^[;m+..-a= 


0 


^^^'  =(1+A')i^" —  ~  ^.^  +11  +(1— O.SiT)// 
r_-l-    -l:«1+(l-Jr)^r     1    — ?1=0 


^  I 


In  order  to  solve  these,  we  will,  as  usual,  iirst  find  an  approx- 
imation to  the  solution  by  neglecting  the  eddy  currents. 
Thus  we  get 


(1  +  /r)  j2    _  o.3[2/  +  >Tft  +  r|  _  l,Qh  +  c  +  O.C>a 


I 


a-^b  '\-  c 


_  [2f+Kb+c][0.eia+c-0Ah]  __  [  1 .6 a+b+0.6 c]  [2 l+n b+o] 

[a+  b+c][2l  +  7rb~+¥c] 


7Tb{a-\-b-\-C) 

a 

+  ^ 

and  i>  = 

:  0.8  //. 

Tliese 

have  the  unique 

solution 

/ 
97r 

U 

_  h  _ 
9  ' 

".7 

and 

K  = 

1 
5.12 

(See  Appendix  B). 


Thu8  the  proportions  of  Z,  a,  J,  and  <?,  are  found,  and  their 
absolute  values  are  given  by  the  equation 

a  =  o.s  //. 
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Had  the  solution  not  been  restricted  by  the  condition  Q  := 
0.8  H^  we  should  have  found  the  same  proportions  for/,  a,  ft, and 
c,  but  their  absolute  values  would  have  been  given  by  i?  =  ]  .13 
J7,  which  latter  fact  also  follows  from  §  ix  since  the  pro- 
portions are  the  same  as  when  the  equation  H  =  0.8  //  is  satis- 
tied. 

These  results  follow  immediately  by  putting  A'  =  0  in  the 
equation  above. 

As  is  shown  in  §  ijc,  however,  we  shall  do  right  to  as- 
sume that  the  conditions  expressed  by  the  equation  Q  =  O.b  ZT, 
are  satisfied. 

Thus  the  absolute  value  of  the  dimensions  is  given  by  this 
relation,  and,  expressing  them  all  in  terms  of  6*,  we  get 

c^'^  =  0.0138  :^^ 

So  that  we  have  found  the  first  approximation  to  the  required 
values  of  /,  a,  J,  and  c.  We  can  now  find  the  corrections  to  be 
applied  to  the  values  so  found.  To  do  this,  suppose  the  correc- 
tions to  be  applied  to  /,  a,  J,  and  c,  to  be  ^  /,  a  a,  ^  J,  and  ;-  <?, 
respectively,  so  that  the  correct  values  of  the  magnitudes  in 
question  are  /  (1  +  ^),  a  (1  +  «),  J  (1  +  ^h  ^^^  ^  (^  +  f)^  re- 
spectively;  then,  if  Q\  H\  and  E' ^  are  the  first  approximations 
to  the  ohmic,  the  hysteretic  and  the  eddy  losses  respectively,  the 
true  value  of  these  losses  to  the  second  approximation  will  be 

W  (l  +    34a  +  9^  +  41r  +  lS^y 

and  E  respectively,  and  equations  I.  of  this  section  reduce  to 
6.12  a  +  0.86  /9  +  6.79  y  +  4.58  A  =  3.65  ||'  —  8  K, 

WW 

6.75  a  +  1.27  /9  +  7. 10  r  +  ».24  X  =  2.96  ^^,  —  S  K, 

mm 

4.78  a  +  5.74^+  6.12  r  +  1.72  jl  =  5.U  ^  —  ^  K, 

mm 

5.8i>  a  +  1.34  ^  4-  8.14  y  +  2.98  X  =  2.83  ^ '  —  S  II. 

m£ 
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Whilst  the  equation 

.y  =  0.8  H  +  E 
reduces  to 

34a-|_9^  +  4l7'  +  18>l  =  15.9  ^' . 
The  solution  of  these  equations  is 

«  =  r  =  -  o.o3«  ^;  ^ 

d  K  =  0.36  ^, 

(See  Appendix  C). 
To  sum  up  then,    the  lirst  approximation  to  the  values  of 
Ij  a,  J,  c,  is  given  by 


/  a        b       0 


and 


9r        14       9        7 


r«^  =  0.0138 /^^ 


whilst  the  corrected  values  of  these  magnitudes  ai'e  got  by  in- 
creasing  I  and  b  each  by  0.69  — -  of  itself,  and  diminishing  a  and 

€  each  by  ().086  -^,  of  itself. 

The  calculations  proposed  to  find  //i,  fij,  E'  and  i?'  will  be 
given  hereafter.     (§  xvir.) 

XI.  The  core  tran%fonnei\  which  wastes  least  en^rgy^  consid- 
ered,— We  will  next  consider  the  size  and  proportions  to  give  to 
a  transfonner  of  the  ordinary  core  type,  in  order  that  the  total 
energy  wasted  may  be  a  minimum,  the  maximum  current  density 
being,  as  before,  prescribed.  We  shall  again  suppose  the  condi- 
tions of  g  J$  III  and  IV  to  be  satisfied. 

We  will  suppose  that  the  shape  of  the  core  is  as  in  Fig.  2,  that 
the  coils  are  wrapped  on  both  vertical  limbs,  and  thai  the  wires 
are  straight  where  they  pass  the  edges  of  the  plates,  and  semi- 
circular across  the  faces.  Let  the  dimensions  a,  5,  c,  and  /,  be  as 
shown  in  Fig.  2. 
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Exactly  as  in  the  last  section  we  shall  have 

1.  Number  of  turns  of  wire  varies  a»  ac. 

2.  The  induction  varies  as  (//  r..  h  l)~^. 

But  the  volume  of  iron  is  now  proportional  to 

hl{a  +  c+2h\ 
and  the  volume  of  copper  is  proportional  to 


«,;(2/  +  ;rJ4.|) 


Thus  tlie  hysteresis  losf?,  which  we  will  call  IJ,  is 


A 
h 


-.      - ^ 


a    '6, 


ELEVATION 


PLAN 


Flgr.  2 


where  H^  is  independent  of  the  dimensions. 
The  eddy-current  loss,  which  we  will  call  E^  is 

E  ^  E,  h  I  {a  +  c  +  2  li)  ( a  c  h  I  r\ 

where  E^  is  independent  of  the  dimensions. 
The  ohmic  loss,  which  wo  will  call  U^  is 

.       a  =  a,  a  6-  (   2  /  +  ;r  ?;  +  I  ), 

where  ii^  is  independent  of  the  dimensions. 
If  we  write  a  =  2  a\     c  =  2  r'  we  shall  get, 

1/  =  If,  .2  X  4-' «  bf{a+b  +  c')  (a'  r'  h  l)-''\ 
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E=  E,.2X  4:-^  hi  K  +  J  4-  c')  (a'  o'  b£)-\ 

i?  =  j2j  .4  aV  [2  7  +  TT  J  +  c'l 

Thus  we  have  to  choose  a^  h  &  I  so  that 

Q  -{-  IT  -\-  E  maj  be  a  inininium,  when  S  =  0.8  H  -\-  E. 

This  is  exactly  the  same  problem  as  that  of  the  last  section^ 
and  the  first  approximation  to  the  solution  will  be 

I  a!        h       c' 


( 


where 


or 


'dTz       14       9       7' 


^"'•*  =  0.0138   X  -  ^/  ''  :^S 

4         X/j 


r«-^  =  0.0633  ^. 


Thus  we  obtain  the  first  approximation  to  the  dimensions  re- 
quired. The  correction  for  the  eddy  currents  is  the  same  as  for 
the  shell  transformer. 

Thus,  summing  up  the  results  for  a  oore  transformer,  the  first 
approximation  to  the  vahies  of  /,  a,  J,  and  e,  is  given  by 

L  ^    'L^l=    ':  ^         and  r«-*  =  0.0633  -' 
9;:         28        9         14  ii^ 

whilst  the  corrected  values  of  these  magnitudes  are  obtained  by 

E' 

increasing  I  and  h  each  by  0.69    ■-,  of  itself,  and   decreasing  a 

E' 
and  r  each  by  0.036  -  — ,,  of  itself. 

The  calculations  for  finding  //j,  i?i,  E\  S2\  will  be  given  here- 
after.     (§  XVIII.) 

XII.  Hi  marks  on  th&  two  jyreceding  sections. — Thus  we  have 
found  the  actual  dimensions  of  the  cores  of  transformers,  both 
of  tlie  shell  and  core  type,  which  will  make  the  loss  of  energy  a 
minimum,  when  the  maximum  current  density  is  prescribed  and 
the  coils  are  such  that  no  change  in  them  would  make  the  trans- 
former more  efficient.  These  dimensions  are  given  in  terms  of 
quantities  which  are  known  when  we  know  the  quality  of  the 
materials,  and  the  external  and  prescribed  conditions. 
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We  nhall  next  proceed  to  show  in  detail  how  to  express  the 
qiiantiticH  involved,  in  order  to  directly  calculate  the  particulars 
of  the  tranpfonner.  In  any  particular  case,  the  calculations  caD 
1)0  made,  hy  means  of  a  slide  rule,  with  very  little  trouble. 

If  several  not  very  different  transformers  have  to  be  designed, 
an  approximate  value  of  the  eddy  current  correction  might  be 
found  which  would  he  sufficiently  near  to  apply  to  all — this  es- 
pecially when  the  particulars  of  the  iron  are  not  accurately 
known.  The  increase  of  b  and  /  due  to  the  eddy  current  losses 
will  rarely  ho  greater  than  0.2,  and  the  decrease  of  a  and  c  is  of 
the  order  0.01,  which  might  in  many  cases  be  neglected.  It  may 
ho  mentioned  that,  Hin<*e  the  <|uality  of  transformer  iron  deterio- 
rates  a  little  at  iirst,  the  constants  should  he  taken  for  aged  iron. 

The  solution  given  corresponds  to  an  absolutely  minimum 
waste  of  energy,  Jis  will  be  shown  in  Appendix  I). 

XIII.  Ihi.<*rmi nation  of  t/tf  average  /onseft  in  termn  of  the 
fnaximum, — Wo  will  first  show  how  we  may  find,  approximately, 
the  averago  values  of  the  various  losses  when  we  are  given  the 
pn*  estimated  relation  l)etween  load  and  time.     We  may  regard 

the  K>ad  as  measureil  bv  the  inverse  of  the  resistance  in  the  tee- 

* 

ondary  einniit.  If  we  call  this  resistance  r,  the  primary  voltage 
r,  the  resistances  of  the  primary  and  set»ondary  transformer  coils 
/«*  and  A*'  resj>ectively,  and  their  nuinl>er  of  turns  /*  and  n\  we 
may  take  it  as  sutfieiently  near  for  our  purpose  to  write  for  the 
primary  oum*nt  {I) 


tr  r 


and  for  the  stnwndarv  current  »  /    » 

/  = "-  r 

/#     r 
Henee  the  ohmic  lo^  yl^  at  this  K^d  i- 


i*   y^         r^    ?*^   V 


R*'     \   ^  R 


r  m 


=  >(w)'-^:(;)" 
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If  Qq  be  the  ohmic  loss  at  full  load,  and  r^  the  corresponding 
resistance 


The  average  ohmic  loss  U  is  given  by 


5  =  x^V^/'y=^^J 


where  =;  is  the  mean  vahie  of  - 
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Fig.  3  "^"^» 


[The  full  line  curve  is  between  load  and  time,  the  ordinate  being  the  fraction 
of  full  loa<l.  The  dotted  curve  is  between  square  of  load  and  lime,  the  ordinate 
i)eiu^  the  square  of  that  of  full  line  curve. 

F'or  ihi-*  curv«' 
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U«nce,  if  we  are  given  the  curve  Fig.  8,  between  the  load, 
I  ~  j  and  the  time,  and  from  it  deduce  the  curve  between  the 

square  of  the  load  and  the  time,  the  ratio  of  the  mean  to  the 
maximum  ordinate  of  this  latter  curve,  is  the  ratio  of  the  mean 
to  the  maximum  ohmic  loan. 

The  ratio  so  found,  we  shall  call  A*,  and  write 

This  approximation  will  probably  be  as  near  as  can  be  relied 
on,  as  the  load  curve  can  in  general  hardly  be  pre-estimated  with 
very  great  accuracy. 

The  average  value  of  the  hysteresis  loss  will  perhaps  be  very 
near  to  the  maximum  value,  that  is,  within  perhaps  two  per  cent. 
We  can,  however,  find  this  average  as  follows  :— 

The  induction,  as  far  as  it  depends  on  the  load,  varies  inversely 

as  1  -1-  -,    ~  nearly  ;  hence  the  hysteresis  loss  varies  as 
ir     r 


Thus  if  H  be  the  hysteresis  loss  with  the  load  -,  and   11^   that 
at  no  load 

•    /.=  /.(.  +  ':;  f  r*. 

approximately. 

Thus,  if  77  be  the  mean  value  of  the  hysteresis  loss 


T 


ii'^  1    rdt 

11=  II,-\.Q-,   R  //o    J.J    -, 

0 

L  n'     y.  J 


where       is  the  mean  ordinate  of  the  load-time  curve. 
r 
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Thus  the  maximum  hysteresis  loss  Hq  must  be  diminished  hjr 

1.6    ''^  R  II, 

times  the  mean  Joad,  -^  ,  to  obtain  the  mean  hysteresis  loss. 

r 

Thus  if  we  write 

n'»  R 
1-1.6  -T  =-=,;,- 

n = J  74 


We  may  notice  that 


n 


,  R  =  R\ 


nearly,  if  the  maximum  current  density  is  to  the  same  in  primary 
and  secondary.  It  is  also  to  be  observed  that  R  and  R'  are  not 
know^n  at  the  outset,  but  as  R'  will  hardly  be  more  than  -j-^  of 
r,  the  effect  of  a  considerable  error  in  R'  will  have  very  little- 
effect  on  / ;  so  that  we  mav  either  estimate  R'  from  former  ex- 
perience,  or,  design  the  transformer  roughly,  with^'  -=  1,  and 
then  correct  it  for  the  small  change  in^,  if  such  a  degree  of  ac- 
curacy as  the  correction  implies  is  really  obtainable  in  the- 
(juantities. 

In  a  similar  manner,  if  ^be  the  mean  value  of  the  eddy-cur- 
rent loss  and  AJ,  the  maximum  value. 


E  =  E, 


n'^  R  n 
1  —  2-1     ^ 


2^o  that  the  change  in  the  eddy-current  loss  is  small,  and  since 
the  eddy-current  loss  is  itself  small,  we  may  take  the  maximum 
value  for  the  mean. 

Thus  we  have  introduced  two  constants ^  and  k,  such  that 

The  mean  hysteresis  loss  =  /  times  the  maximum  hysteresis  loss. 

The  mean  ohmic  loss  =  k  times  the  maximum  ohmic  loss. 

and  have  shown  how  to  obtain  them  from  the  load  curve.  We 
may  note  that  k  may  be  anything  less  than  unity,  whilst^'  is  very 
nearly  unity  but  somewhat  less. 

We  shall  preserve  this  notation  for  these  constants  throughout. 
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XIV.  Introduction  of  a  constant  det^rviined  hy  the  instU^Uion 
of  the  coUm. — We  will  next  define  a  constant  which  will  be  re- 
quired in  writing  down  the  general  expression  for  the  ohmic 
I088,  and  which  depends  upon  the  proportion  of  insulation  be- 
tween the  coils.  This  is  the  ratio  of  the  total  cross-section  of 
copper  in  the  primary  or  secondary  circuit,  to  the  cross  section 
of  both  coils,  that  is,  of  the  winding  pocket.  When  the  maxi- 
mum current  density  is  given,  the  size  of  wire  for  the  primary 
and  secondary  circuits  is  known,  so  that  the  proportion  of  the 
coils  taken  up  by  insulation  can  be  predetermined  with  consider- 
able accuracy. 

I^t  <7,  a/  \ye  the  cross-sections  of  the  wires  of  the  primary  and 
secondary  respectively,  n  a,  h'o\  the  average  cross-section  of  wire 
and  insulation  corresponding  (wherein  /r,  h\  not  only  include  the 
immediate  covering  of  the  wire,  but  the  insulation  and  ventila- 
tion spaces  between  layers  and  coils  as  well ;  in  fact  «  <t  is  the 
quotient  of  the  total  cross-section  of  the  primary  coil,  by  the 
number  of  primary  turns). 

Let  w,  n\  be  the  number  of  primary  and  secondary  turns  re- 
spectively. 

Then 

n  %  a  -\-  n'  H  a   =^  the  total  area  of  the  winding  pocket.     =  A 
let  us  say.     {A  is  the  "  a,e  "  of  §§  x  and  xi.) 

Now  if  the  maximum  current  density  is  to  be  the  same  in  both 
primary  and  secondary  /?  <j  =  n'  a\  and  if  we  write  each  of  the 
quantities  equal  to^)  A^  we  shall  have 

p  A  {s  +  s)  =  A. 

'''J>  =  — i— . 

8  and  8^  are  both  greater  than  1,  so  that  j>  is  less  than  a  half. 
This,  (j)),  is  the  constant  we  shall  require. 

XV".  Constants  depending  on  the  Insulation  of  the  core 
plates. — Two  constants  will  also  be  required  depending  on  the 
insulation  of  the  core  plates;  these  can  be  determined  im- 
mediately when  we  know  the  thickness  of  the  plates,  and  that  of 
the  insulation. 

We  will  call  them  q  and  q\  and  they  are  defined  thus: 
q  is  the  ratio  of  the  vohune  of  iron  in  the  core,  to  the  juea^ured 
volume  of  the  core. 
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q  is  the  ratio  of  the  area  occupied  by  iron  in  the  cross-section 
of  the  magnetic  circuit,  to  the  total  cross-section. 

As  a  rule  q  =  q' . 

The  five  constants  y>,  y,  q\j^  ^N  are  all,  then,  pre-determiuable 
with  considerable  accuracy,  and  these  are  all  that  we  shall  re- 
quire, besides  those  depending  on  the  quality  of  the  materials, 
viz  (f — the  specific  resistance  of  copper,  )j — the  hysteretic  con- 
stant in  SSteinmetz's  formula,  and  § — a  corresponding  constant  in 
the  eddv-current  formula. 

XVI.  Dpfailed  (expressions  for*  the  losses  in  a  shdl  trans- 
former.— We  will  now  obtain  general  expressions  for  the  various^ 
losses,  in  terms  of  the  dimensions  of  the  core  of  the  transformer 
and  the  number  of  turns  of  wire  on  the  coils,  which  number  we 
shall  express  in  tenns  of  the  dimensions  when  the  maximum  cur- 
rent density  is  given. 

We  will  first  consider  a  transformer  of  the  shell  type ;  and 
will  suppose  the  dimensions  a,  J,  <?,  /,  to  be  given  by  Fig.  1. 

If  the  maximum  currents  in  the  coils  are  7  and  7'  respectively 
their  number  of  turns  w  and  n'  and  their  resistances  R  and  Ii\ 
then  the  maximum  ohmic  loss  of  power  is 

Q,  =  RP  +  R  r\ 

Now,  the  mean  length  of  a  turn  of  wire  is  2  /  +  ^  (^  +  ^X  and 
the  cross-section  of  the  primary  wire  is  -?-— ^  ,  and  of  the  secon- 


n 


1  .       p  a  c 

(larv  wire  ^ 

Thus 


n 


H  =.  p i ! L—   =    n  ' ! —  7r  , 

p  a  e  pan 

n 


and 


p  a  r 


Thus 


i>,  =  /,  2    /  +  r   //  4-  g  (^2  /a  _^  ^/2  7/2)  • 

2^  a  c 

=  2o'^^±JL}±^n'P, 
*  jf  a  c 

approximately. 
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The  mean  ohmic  loss  \^  U  =z  k  ii^  or 


If  the  maximum  current  density  is  given, 

n  I 


p  a  e 

Thus  if  we  write 

n  I        * 

=  o, — 

p  a  e 

the  current  density,  in  amperes  per  sq.  cm.,  and 

P  a  e 
ft 

the  cross-section  of  the  primarv  wire, 


is  known. 


SJ  =  2kf»j)ac{2l  +  7rb  +  c)  J'  (2) 

• 

Again  if  Kand  V\  be  the  primary  and  secondary  voltages  (V 
is  supposed  on  open  circuit),/*  the  frequency  and  (p  the  form 
factor  of  the  primary  or  secondary  potential  difference  waves, 
(being  the  same  for  l>otli) — the  form  factor  being  defined  as  such 
that  the  mean  value,  of  the  volts  taken  positively,  is  <f  times  the 
root  mean  square  of  the  volts, — then  the  greatest  number  (iV^)  of 
lines  of  force  passing  through  the  core  is 

y  =  ^-J-  X  io«. 

Of  course,  if  (p  is  not  known  we  must  assume  the  wave  to  be 
a  sine  wave  and 

2i/2 

Thus  the  induction,  B,  which  is  X  divided  by  the  area  of  iron 
in  the  cross-section  of  the  magnetic  circuit,  is 

5=   ^  no* 

ifn</'b/' 
And  the  hysteresis  loss  is  tj  B^^  ergs  per  c.  o.  per  cycle. 
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Tims  the  total  maximum  hysteresis  loss  of  power  is 
Jf^  =  vohime  of  iron   X   frerjuency  X  ^y  B^'^  ergs  per  second. 

The  mean  value  (//)  of  II  \%jlf^ 

(ID    V\{^    \1.6 

And  if  the  maximum  current  density  is  prescribed,  so  that  a 
is  known,  and 


p  a  c 


we  shall  have 


//  =  2  y  r^jf  bl{a^h  +  c)(    f  •  >";  ^^  ■  "  \'*  x  10"'  watt8. 

\  4 /7>  q  a  col  I 

The  eddy-current  loss  varies  as  the  square  of  the  induction,  as 
the  square  of  the  frequency,  as  the  square  of  the  thickness  of  the 
plates,  and  as  the  volume  of  iron.  So  that  if  t  be  the  thickness 
of  the  plates,  we  may  write  the  eddy -current  loss  {E) 

E  =  &.  2  ./  /.  /  {a  +  J  +  <0  /*/'»  (  /•^"•/f, )'  watt8. 

\  4/  n  q  0  I  / 

(5) 
Where  S  is  a  constant. 

Dr.  Fleming  gives  the  constant  §  =  10~"^*  when  t  is  in  mils, 
the  volume  in  cu.  cms.  and  Ein  watts. 

If  the  maximum  current  density  is  given,  so  that 


p  a  r 


we  may  write 


E  =  &.'lqhl(fl  +  h  -\-c)fr(f:^'-}^-Zy    watts. 

\  *fp  q  a  col  f 

(6) 
XVII.     Applications  of  the  ex}yre8%ion^  of  the  la^t  section, — 
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k 


We  will  DOW  apply  the  results  of  the  last  section  in  the  linding- 
of  some  of  the  constants  used  in  the  former  part  of  the  paper. 

In  §  VI,  quantities  a;,  h,  and  e^  are  introduced,  and  equations 
1,  8,  and  5,  of  the  last  section  give  us 


M 


p  a  c 


h  =  2q  rijfb.  /.  («  +  J  +  0)  (  J-f^;^ )'''x  10  ; 

In  §  VIII,  we  are  given  the  proportions  of  the  core.  Let  a,  6,  Cy 
and  /,  be  proportional  to  the  dimensions  instead  of  the  actual 
dimensions,  then  o)^  h^  and  e^  are  given  hy  the  equations  2,  4,  and 
6,  of  the  last  article  as  follows : 


(o^  =  ^2  k  p  p  a  c  \il  I  -\-  n  h  -{-  c]  S^^ 


/':  =  '^qyiJfhncL  +  h  +  c) 


-Afl*  q'  a  ch  I. 


~ll.6 


X  10-% 


L.^  t  J)  q  a  Gbl^ 


by 


And  the  number  of  turns  of  wire  on  the  primary  coil  is  given 


where 


P  a  c    fi 


x'*  =  0.8  ^ 

(0^ 


In  ^  X,  the  size  of  the  core  is  given  in  terms  of  quantities 
i/„  i?„  E\  and  i2',  which  can  be  found  from  equations  2,  4,  and 
6,  of  the  last  section  as  follows: 

/?!  =  2  k  n  p  3\ 


M) 
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■ 

S'  =:2kpp8'  -  jro^  =  30.5  J2.  c*, 

where  <?  is  given  by 

(^'  =t).0138  /^». 

The  iiiirnber  of  primary  turns  of  wire  is  given  by 


p  a  c 


and  the  number  of  secondary  terms  is,  of  course, 

V 
n    =  n.     Y^. 

r 

Thus  we  are  able  to  find  all  the  particulars  of  the  transformer 
in  the  terms  of  known  quantities. 

XVIII.  Similar  expressions  for  the  core  type  of  trans- 
former,— Some  small  alterations  will  be  required  in  tliese  results, 
when  the  transformer  eonsidered  is  of  the  core  type.  Let  a^  J,  c, 
and  I  now  refer  to  the  dimensions  of  the  transformer  shown  in 
Fig.  2. 

The  volume  of  iron  is  now  2  qh  I  {a  -{^  c  -\-  2h). 

And  the  mean  length  of  a  turn  of  copper  wire  is  now. 


<2lJr^{h  +  l). 


Thus,  corrcHponding  to  the  six  equations  of  §  xvi,  we  get: 


21  -\-n  h  +- 
p  a  c 


i2  =  2  /;  ,07;  rt  r-  1^  2  /  +  ;r  5  +  1 1  **,  ...  .8 
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4 

•      •      •      •      M^ 


»    4.f.O  ,71.0.1    ) 


^=2&qbl{a  +  e  +  2h)i'f'\   -fj:!^   V   ....6 

(  ij.q  .p.a.c  b.l-  1 

Thus  the  qnantitieK  w,  h,  and  e,  used  in  ^  vi.  become,  for  a 
core  transformer : 


2Z  +  ;r5+f 

«,  =  2  kp ?  /» 

^  a  V 

/,  =  2qriJfU{a  +  c'+2b)(^  |y?^-/|^)"xlO-', 
The  quantities  fo^,  Aj,  6„  of  §  viii  now  become 

and  the  number  of  turn**   of   wire    on  the    primarv  coil  is  f^iven 

by 

n  =^  '  -        ;/^  where  ./•  •*  =  O.s    -i . 


/T  r»>, 


In  this,  it  must  be  reineml)ere(l  that  a.  />,  r\  /,  are  proportional 
to  the  dimensions,  instead  of  being  the  actual  dimensions. 
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We  next  come  to  the  C(»re  transformer  of  maximum  efficiency 
discussed  in  ^  xi. 
Here 

Q'  =  2kpp(Px^4^<^=  15.25  i?,  fl*, 
^     -^    1   *•/?>  I         14    14    14(14    U        I  ' 

= 1.65  g  V  ^/*  1  ^-^^?-  r  "-*• 

Where  c  is  given  by 


c»*  =  0.0683 


//, 


he  number  of  turns  of  wire  in  the  primary  coil  is  given  by 


p  a  G 


and  the  number  of  turns  in  the  secondary  is  of  course 


/?'   =  71 


T' 


Thus  the  transformer  of  maximum  efficiency  is  completely 
determined.     (See  also  Appendix  B). 

XIX.  lieniarks  <m  some  of  the  constants. — Since  the  dimen- 
sions and  particulars  of  the  transformer  designed  as  above  are 
given  by  an  equation  of  the  form, — 

//^  =  a  known  constant, 

it  folh)ws  that  a  small  error  in  thi^  constant  will  produce  an 
error  of  only  about  a  sixth  of  the  amount  in  the  linear  dimen- 
sions ;  and,  since  the  ener»ry  wasted  is  a  minimum,  a  small  error 
in  any  dimension  will  ])roduce  but  a  very  small  increase  in  this 
waste  of  enertrv. 

In  the  t'xpression  U)Y  r*'\  the  constant  involved  to  the  highest 
power  is  that  which  wc  have  called^/,  and   this  is  raised   to  the 
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2.6th  power.  There  should,  liowever,  be  no  difficulty  in  deter- 
mining^, and,  if  care  be  taken  to  so  choose  it  that  there  is  plenty 
of  room  for  insulation,  it  can  hardly  be  said  to  be  subject  to 
error,  as  there  is  never  any  harm  in  putting  a  little  more  insula- 
tion in. 

8ome  of  the  constants,  such  as  k  and  <r,  may  not  l)e  determin- 
able  with  any  degree  of  accuracy,  but  they  are  worth  determining 
as  nearly  as  possible  when  the  highest  efficiency  is  sought.  The 
diflFerence  in  the  power  factor  (f  for  a  peaked  wave,  and  for  a 
scjuare  wave,  for  instance,  may  make  as  much  as  20  per  cent, 
diilerence  in  the  iron  losses. 

The  constant  35,  in  the  above  formula*,  should  be  such  that  rj 
times  the  l.Hth  power  of  the  maximum  induction  represent  the 
hysteresis  loss,  in  ergs  per  cu.  cm.  per  cycle,  at  something  like 
the  right  induction.  I  have  preserved  1.6  as  the  index  through- 
out as  giving  results  sufficiently  near  for  most  practical  purposes, 
and  in  order  to  obtain  the  detiniteness  given  by  numerical  re- 
sults as  far  as  possible.  Nevertheless,  the  index  usually  seems 
somewhat  less  than  1.6.  Thus  Ewing  and  Klassen^  came  across 
a  specimen  of  transformer  iron  in  which  the  index  was  about 
1.475  over  the  range  of  induction  usual  in  this  work.  Accord- 
ingly the  results  of  this  paper  are  worked  out  for  a  general  value 
of  the  index  in  Appendices  B.  and  C,  and  tables  are  given  to 
facilitate  the  calculations  for  different  values  of  the  index. 

XX.  Comparison  with  actual  tranHfonnerH, — We  will  now 
show  how  transformers,  designed  according  to  the  foregoing 
methods,  compare  with  those  at  present  in  use.  With  this  view, 
we  will  obtain  the  dimensions  and  particulars  of  transformers, 
having  the  same  output,  and  working  under  the  same  conditions 
of  voltage  and  frequency,  as  two  of  the  transformers  at  the 
Central  Technical  College.  Moreover,  such  constants  as  we 
want  at  starting,  we  will  take  precisely  the  same  as  obtain  in 
these  transformers,  and,  since  the  conditions  of  variations  of  load, 
under  which  the  transformers  were  intended  to  work  are  not 
known,  we  will  assume,  if  possible,  that  the  transformers  in  ques- 
tion, are  designed  to  best  suit  their  all  day  load,  that  is,  as  shown 
in  §  IV,  that  the  conditions  of  load  are  such  that  the  average 
value  of  the  ohmic  loss,  is  equal  to  0.8  times  the  average  value 
of  the  hysteresis  loss,  together  w^th  the  average   value  of  the 

1.  Phil.  Trans.  Vol.  184,  p.  1019. 
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eddy-current  lops;  and  we  will  satisfy  the  same  conditions  of 
load  in  the  transformers  designed. 

We  will  consider  tirst,  a  live  kilowatt  Westinghouse  transformer 
of  recent  type,  and  of  the  shell  pattern.  The  particulars  of  the 
transformer  are  as  follows : 

Primary  Voltage  =  2,000. 
Secondary  Voltage  =  100. 
Frequency  =  100. 

Core 

Thickness  of  plates  {t)  =  13.8  mils. 
Thickness  of  insulation  =  1.7  mils. 

Hence  q  =  q'  =  0.89.     (g  xv). 
Number  of  plates  400. 
Ijength  of  core  U  Fig.  1)  =  6  inches. 
Breadth  of  core  {h  Fig.  1)  =  8^  inches. 
Winding  space  {a  X  c  Fig.  1)  =  5f  X  Si  S(|uare  inches. 
Volume  of  iron  =  467  cubic  inches,  approximately. 
Weiglit  of  iron  =  130  lbs.,  approximately. 

Coils 

Primary,  resistance  7.32  ohms. 

Secondary,  resistance  0.02  ohms. 

Number  of  secondary  turns  =  48. 

Mean  length  of  a  turn  =  84  inches. 

Areii  of  cross-section  of  wire  =  0.0505  sq.  ins.   =  0.388  sq.  cm.     Hence 

maximum  current  density  =  840  amps.  j)er  sq.  inch. 

=  180.5  amps,  per  sq.  cm. 
Hence  p, — the  ratio  of  the  total  cross-section  of  copper  in  a  coil,  to  the 

area  of  the  winding  pocket,  is 

5.75  X  3.25  ^^         ' 

The  maximum  induction  is  3900  lines  per  sq.  cm. 
The  losses  appear  to  be  proportioned  as  follows  : 

Maximum  ohmic  loss,  100  watts. 
Maximum  hysteresis  loss,  70.5  watts. 
Maximum  eddv-current  loss,  20.5  watts. 

Hence  the  hvsteretic  constant 

7j  =  0.00187. 

and  the  eddv  loss  constant 
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We  are  aasuming  that  the  mean  ohmic  loss  is  equal  to  0.8 
times  the  mean  hysteresis  loss^  together  with  the  eddy-current 
loss,  and,  assuming  the  mean  hysteresis  loss  is  0.99  of  the  maxi- 
mum, and  the  mean  ohmic  loss  is  k  times  the  maximum,  we 
have 

h  X  100  =  0.8  X  0.99  X  79.5  +  20.5. 

Whence  h  =  0.835,  and  J  =  0.99.  (§  xiii.) 

Hence,  using  the  same  notation  as  in  ;$§  x  and  xvii  we  have 

(See  %  xvii). 

fii  =  2  X  0.835  X  1.85  X  10"^  X  0.153  X  130.5«, 
=  8.04  X  10-», 

Jly-^X  0.89  X  0.00187  X  0.99  X  100 


(    100  V2  X  10«  X  0.383    I  ''     ^q-, 
(  55  r  X  100X0.153  X  0.89  I  ' 


=  9.98  X  10*. 


.-.  6-«*   =   0.0138—   X   10'  =  1.714  X  10^ 

8.04 

c  =  6.57  cms. 
Again 

E'  =  0.413  X  10-^^  X  0.S9  X  13.3'  X   10* 

)  _1 00   i/2  X  10^  X  0.383      | 
I  2  n-  X  100  X  0.15irx  0.89  ) 

iJ'  =  30.5  i?,  6*», 
.-.  ^  =  0.31. 


2 


C*"® 

^      1 


Hence 


1  +  0.69  ^'  =   1.21, 


1  _  0.036  :^[  =  0.989, 
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and  the  corrected  values  of  /,  //,  J,  and  c,  are : — 

9 
I  =  Z.7T  X  ^>.57  X  1.21  =  82.1  cms.,  =  12.0  inches. 

7 

4  =  ?  X  6.57  X  1.21  =  10.21  em.s ,  ==  4.02  inches. 

a  =  2  X  6.57  X  0.98i^  =  13.00  cms..  =  5.12  inches. 
r  =  G.57  X  0.989  =  65  cms.,  =  2.56  inches. 

Hence  the  number  of  turns  in  the  low  pressure  coil  is 

0.153  X  3  X  6.50^ 
n  = — — , 

0.383 

=  34 
The  volume  of  iron  is 

2  X  0.89  X  4.02  X  12.6  x  11.7  cu.  iDcheg, 
=  1054  cu.  inches. 

The  weight  of  iron  is 

294  lbs. 

The  maximum  ohmie  loss  is 

2  X  1.85  X  10-^  X  0.153  X  13.0  X  6.5  X  116.7  X  130.6», 

=  94.8  watts. 

The  njean  ohmic  loss  ia  94.8  X  0.835  rzi  79.1  watts. 
The  maximum  induction  in  the  iron  is 

10"  |/2  X  0.383 
2~;r   X~0.89  X  0.153  X  13  X  (J.5  X32.1  X  10.21' 

=  2290  lines  per  s<i.  cm. 

The  eddv-current  loss  is 

A  =  lO-^'^  X  volume  of  iron  X  f  X /'  X  ^, 

=  lO-^«  X  1054  X  1*».39  X  13.3^^  X  10*  X  2290^, 

=  16.0  watts. 
The  maximum  hvsteresis  loss  is 

//  =  0.00187  X  1054  X  16.39  X  lOo  X  [2290]'-^  X  10":', 

~  7*».^  watts. 
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Hence  the  total  loss  at  full  load  is, — 

94.8  +  76.0  +  16.0  watts, 

=  187  watts. 

against  199  watts  in  the  Westinghouse  transformer: — a  saving 
of  12  watts,  or  about  6  per  cent,  of  the  total  loss. 
The  mean  loss  is. 

(79.1  +  0.99  X  76.8  +  16)  watte, 

=  171.1  watts. 

Against  0.835  X  100  +  0.99  X  79.5  +  20.5  watts 

=  182.5  watts  in  the  Westinghouse, 

a  saving  of  11.4:  watte  or  6 J  per  cent  of  the  total  loss. 

Thus,  a  transformer  designed  according  to  the  principles  here 
advocated  wastes  11  or  12  watts  less  power  than  the  Westing- 
house transformer  in  question.  It,  however,  requires  more  than 
twice  the  weight  of  iron,  and  about  5  per  cent,  less  copper  than 
the  latter.  (The  amount  of  copper  varies  as  tlie  ohmic  loss  when 
the  current  density  is  given). 

It  must  be  said,  however,  that  by  adopting  constants  which 
hold  in  a  transformer  of  very  different  proportions,  we  rather 
handicap  ourselves.  Thus,  whilst  we  have  less  heat  to  dissipate, 
we  have  a  greater  radiating  surface,  and  so  might  do  with  less 
ventilation  space  among  the  coils,  and  so  with  a  larger  value  for 
p.  This  would  reduce  both  the  size  of  the  transformer  and  its 
losses. 

As  shown  in  Appendix  A,  the  losses  could  be  reduced,  with 
out  altering  the  size,  by  making  the  core  plates  thinner. 

The  thickness,  for  the  maximum  efficiency  is,  in  this  case, 
about  7  mils,  (assuming  the  same  thickness  of  core  insulation,  1.7 
mils).  With  this  thickness,  using  the  same  constants  as  above, 
except  that 

q  =  2  z=z  0.805 
^       8.7 

we  shall  have,  just  as  before 

c^'^  =  1.82  X  1<>', 
c  =  6.64  cms. 
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Again 

^-,  =  0.0S7, 

.-.  1  +  0.09^-^  =  1.060,  1  —  0.036  ^~  =0.997, 

I  =  2S.4    cms.,  =  11.18  inches. 

a  =  13.24  cms.,  =  5.20  inches. 

1/  =  *».05  cms.,  =  3.56  inches. 

c  =  6.62  cms  ,  =  2.60  inches. 

The  volume  of  iron  is  726  cu.  inches;  and  its  weight  is  202 
lbs. 

The  induction  is  3130  lines  per  sq.  cm. 

The  number  of  turns  of  wire  on  the  low  pressure  coil  is  35. 

The  maximum  ohmic  loss  is  89.5  watts. 

The  eddv-current  loss  is  5.7  watts. 

The  maximum  hysteresis  loss  is  87.4  watt«. 

The  maximum  total  loss  is 

S9.5  +  86.5  +  5.6  watts. 
=  181.6  watts. 

thus  wasting  17^  watts,  (8|^)  less  than  the  Westinghouse  trans- 
former. 

The  mean  loss  is  167  watts,— 15.5  watts  less  than  the  Westing- 
liouse  apparatus. 

Thus  we  see  that  we  save  about  8f  per  cent,  of  the  energy  but 
our  transformer  has  202  lbs.  of  iron  instead  of  130  lbs.  and  55 
lbs.  of  copper  instead  of  61  lbs.  We  should  however  expect  the 
transformer  so  designed  to  keep  cooler  than  the  Westinghouse  as 
it  has  less  heat  to  dissipate  and  a  greater  radiating  surface.  Thu8 
it  will  better  stand  an  overload.  Its  regulation,  moreover,  should 
be  better,  for  the  same  subdivision  of  the  coils,  both  because  tlie 
copper  losses  are  less,  and  that  the  magnetic  leakage  is  very 
much  smaller. 

We  shall  next  find  the  particulars  of  a  transformer,  designed 
as  above,  and  having,  as  far  as  possible,  the  same  constants  as  a 
certain  "  Mordey  Victoria"  transformer  at  the  Central  Technical 
College. 

The  transformer  in  question  is  of  the  shell  pattern  and  in- 
tended to  convert  three  kilowatts  from  a  pressure  of  2,000  volts, 
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to  a  pressure  of  100  volts.     The  particulars  of  it  are  as  follow- 
ing:— 

Core 

Thickness  of  core  plates  =  15  mils. 

Ratio  of  volume  of  iron  to  total  volume  of  core  =  0.80  (=  q). 

Thickness  of  insulation  between  plates  =  1.85  mils. 

Length  of  core  (I  Fig.  1)  =  52  cms.  :=  2^)^  inches. 

Breadth  of  magnetic  circuit  {b  Fig.  1)  =  7.62  cms.  rr  3  inches. 

Winding  space  (a  X  c  Fig.  1)  =  7.62  X  8.81  sq.  cms.  =  8  X  li  sq.  ins. 

Volume  of  iron  =  820  cubic  inches,  )  .        , 

Weight  of  iron  =  230  lbs  .  C  »PP«>"«""«ly- 

Uysteresis  constant,  (^),  (with  index  1.6)  =  0.0020. 

Bddy-current  consUnt  (^>)  =  0.95  X  10-»«. 

Coth. 

Primary,  456  convolutions,  8.S  ohms  resistance. 
Secondary,  24  convolutions,  0.088  ohms  resistance. 
Cross-sectionof  strips  of  secondary  coils  =  0.0816  sq.  ins.  =  0.204  sq.  cms. 
Hence  mHxinium  current  density  =  050  amps,  per  sq.  inch, 

=  147  amps,  per  sq.  cms., 
and  ratio  of  cross-section  of  copper  in  the  secondary  coil  to  the  total  area- 
of  winding  pocket  {p)  =  0.169. 
The  total  weight  of  copper  is  about  29  lbs. 

The  normal  frequency  is  100.  and  we  shall  assume  the  applied  p.  d.  to- 
follow  a  sine  law.  Thus  o  =  2   i  J  -r-  tt. 

In  the  Mordey  transformer  the  induction,  when  woikiug^ 
normally,  is  2670  lines  per  sq.  cm. 

The  maximum  ohmic  loss  is  60  watts. 
The  maximum  hysteresis  loss  is  81.5  watts. 
The  maximum  eddy-current  loss  is  20.5  watts. 

Thus  we  see  that  it  is  impossible  to  make  the  mean  ohmic  loss 
equal  to  0.8  times  the  hysteresis  loss,  together  with  the  eddy- 
current  loss,  as  the  maximum  ohmic  loss  is  already  less  than  the 
mean  should  be.  I  shall  assume,  therefore,  that  the  transformer 
has  been  designed  to  work  always  at  full  load,  this  being  as 
favorable  as  possible  to  the  Mordey  transformer. 

Hence  ^  =  1, 

and  we  willassumey  =  0.J*85.  (^  xiii). 
Thus  we  have  (§  xvii). 

i2,  =  2  X  1.S5  X  10-^'  X  <M60  X    U7^ 

=  J.35  X  10  I 
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J/,  =  2  X  0.89  X  0.002  X  0.985  X  100 

j  v^X  Ur  X  0.204  P«  j^,_, 
\  2n  X  0.lt>9  X    0.89  S  ' 

=  3.31  X   10*. 

c'«*  =  0.0138  U' 

=  3.381  X  10^ 
.'.  r  =  5.10  cms. 

E'  =  7.31  X  10*  6-^, 

i2'  =  4.12  X  lO-^*', 

f ;  =  0.394, 
1  +  0.69^'=  1.27  J, 

1  _  0.036  ^  =  0.986. 

Hence  the  corrected  values  of  the  linear  dimensionB  are : 

I  =  2f».l  cms.,  =  10.25  inches. 
h  =  8.31  cme.,  =  3.27  inches. 
a  =  10.02  ems.,  =  3.95  inches. 
('.  =    5.01  erne.,  =:.    1.97  inches. 

Volume  of  iron 

=  2  q.  A.  /.  (a  4-  J  +  €\ 
=  550  en.  inches. 

Weight  of  iron  =  153  ll>s. 
Volume  of  copper. 


=  97.1  cubic  inches. 

Weiglit  of  copper  =  30.9  lbs. 

The  number  of  turns  of  wire  in  the  secondary  coil  is 
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=  P±£.  =  0-169  X  10.02  X  5.01  _  ^2 
<T  0.204 

Maximum  ohmic  loss  (§  xvi). 

1.85  X  10-«  X  97.1  X  16.39  X  l^V, 

=  63.6  watts. 

The  iDaximum  induction  =  2810  lines  per  sq.  em. 
Hence 

Maximum  hysteresis  loss  =  59.3  watts. 

Eddy-current  loss  =  15.2  watts. 

Hence  the  mean  total  loss 

=  63.6  +  58.4  +  15, 

=  137  watts. 

against  160.5  watts  in  the  Mordey  transformer. 

Thus  there  is  a  saving  of  23^  watts  by  designing  the  trans- 
former so  as  to  have  a  maximum  efficiency.  This  is  accompanied 
by  an  increase  of  weight  of  copper  of  nearly  2  Iba.  and  a  decrease 
of  weight  of  iron  of  about  77  lbs. 

We  will  next  lind  what  the  ])articulars  of  the  transformer 
would  have  been,  if  tlie  plates  had  been  7i  mils  thick,— which 
thickness  about  gives  minimum  iron  loss,  with  the  given  thick- 
ness, (1.85  mils),  of  core  insulation.  (Appendix  A).  This 
thickness  of  core  plate  gives  y  =  0.803. 

We  will  also  assume,  (which  is  true  for  the  iron  of  the  Mordey 
transformer  over  a  considerable  range  of  induction),  that  the 
hysteresis  loss  per  cubic  cm.  per  cycle  is  equal  to  0.00251  timet 
the  1.57th  power  of  the  induction.     (Appendix  B). 

Thus 

^»  =  2.W  X  10^(3.39  X    Wf'\  (§xvii) 

c''^2«  =  0.0 105  ^^' , 

=  4.85  X  10-«  (3.39  X  lO'')^^', 

c  =  (4..S5  X  10^)«.^  X  (3.39  X  lO^)-*"' 

=  5.22  cms. 
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.•.  h  z=z  6.24  cms., — [Table  I,  Appendix  B.] 
a  =  10.45  cms., 

/  =  19.60  cms. 

These  are  the  first  approximations  to  a,  J,  c,  and  /,  uncorrected 
for  the  effects  of  eddy-currents. 
Again 

A'  =  5.9  watts, 
and 

i?'  =  55.4  watts. 

.-.  ^^,  =  0.107, 

and 

1  +  0.75  :C  =  1-OS,    1  —  0.047  4!  =  ^-^^5,     .  .  ,.      ^^ 

'  //  '  i/  '     [Appendix  C]^ 

Hence  the  corrected  values  of  the  dimensions  are : 

a  =  10.45  X  0.995  =  10.40  cms.,  =  4.09  inches, 
c  =  5.22  X  0.995  =  5.20  cms.,  =  2.04  inches. 
b  =  6.24  X  l.OS  =  6.73  cms.,  =  2.65  inehes. 
/  =  19.60  X  1.08  =  21.20  cms.,  =  8.35  inches. 
Hence  the  volume  of  iron 

—  0.803  X  2  X  2.65  X  8.35  X  8.78  cu.  ins., 

=  812  cubic  inches. 
Weight  of  iron  =  87  lbs. 

Induction  of  iron 

=  : — =  4400  lines  per  sq.  cm. 

10.4  X  5.2  X  6.73  X  21.2  ^       ^ 

Maximum  hysteresis  loss 

=  0.00251  X  312  X  10.39  X  100  X  (4400y-*'  X  lO'', 

=  67.2  watts. 

Eddy-current  loss. 

=  0.95  X  10-^*^  X  312  X  16.39  X  10*  X  7.5»  X  4400*, 

=  5.3  watts. 
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Maxiamm  ohmic  losi 
=  2  X  1.85  X  10-«  X  0.169  X   10.40  X  5.20  X  79.9  X  147*. 

=  58.3  watts. 

HeDce  the  fall  load  total  loss  is 

58.3  +  66.2  +  5.2  =  129.7  watts,  against 
160.5  watts  in  the  Mordey  transformer. 

Volume  of  copper  89.1  cubic  inches. 
Weight  of  copper  28.4  lbs. 
JN^umber  of  turns  of  wire  in  secondary  coil  is 

__  0.169  X  5.2  X  10.4  _  ,. 
O.204 

Thus  this  transformer,  running  always  at  full  load,  wastes  31 
watts,  (nearly  20  per  cent.)  less  power  than  the  Mordey,  whilst 
there  is  almost  1  lb.  less  copper,  and  about  143  lbs.  less  iron 
used  in  its  construction.  The  Mordey  transformer  in  fact,  can 
claim  an  advantage  in  only  one  important  particular,  viz. : — that 
ks  radiating  surface  is  proportionately  larger,  so  that  it  should 
keep  cooler.  Had  we  taken  a  lower  maximum  current  density, 
however,  we  should  have  increased  the  surface,  and  diminished 
the  wasted  energy,  and  so  we  could  have  designed  a  transformer 
better  than  the  Mordey  in  every  particular  of  moment. 

It  may  be  mentioned  that  the  Mordey  transformer  is  an  older 
apparatus  than  the  Westinghouse,  and  the  type  has  doubtless 
been  improved  since  the  time  of  its  manufacture. 

The  following  table  exhibits  the  particulars  of  the  transformers 
considered  in  convenient  form,  and  enables  a  comparison  to  be 
made  between  them  without  difficulty.  They  are  numbered  1, 
2,  3,  4,  5,  6,  in  the  order  in  which  they  are  discussed  above. 
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APPENDIX  A. 
The  Best  Thickness  ok  Core  Puites 

Wherever  we  have  had  occasion  to  discuss  the  effects  of  eddy- 
currents  on  our  design,  we  have  assumed  the  energy  wasted  by 
them  to  be  small  compared  with  the  otlier  losses.  But  as,  in 
many  cases,  the  eddy-current  loss  of  energy  is  a  considerable 
fraction  of  the  total  iron  loss  it  will  not  perliaps  be  thought  out 
of  place  to  discuss  whether  it  is  better  so  than  small. 

Professors  J.  J.  Thomson  and  Ewing^  have  discussed  the  sub- 
ject of  the  energy  wasted  by  the  eddy-currents  in  transformer 
plates,  and  incluaed  the  effect  on  the  hysteresis  loss  of  the  screen- 
ing action  of  the  eddy-currents. 

They  conclude  that  this  latter  action  is  pmctically  negligible 
when  the  plates  are  no  more  than  20  n)ils  thick,  and  as  trans- 
former plates  are  usually  thinner  than  this,  we  shall  neglect  it  in 
our  investigations.  The  professors  show  the  value  of  effective 
lamination,  and  Professor  Ewing  points  out  that  the  limit  of 
thinness  is  deternn'ned  by  the  consideration  that,  if  the  plates  are 
too  thin,  the  core  will  either  have  to  be  larger  or  to  be  worked 
at  a  higher  induction  than  is  consistent  with  small  hysteresis  loss. 

The  following  investigation  is  made  with  a  view  to  determine 
the  thickness  of  plate  which  will  make  the  total  iron  loss  a  mini- 
mum. We  shall  assume  that  the  core  has  a  definite  size  and 
shape,  and  that  the  thickness  {f)  of  insulation  between  core 
plates  is  given,  as  also  the  total  number  of  lines  of  force  {JV)  in 
the  magnetic  circuit. 

Let  V  be  the  volume  of  the  core,  including  insulation,  A  the 
area  of  cross-section  of  the  magnetic  circuit,  also  including  in- 
sulation,y  the  frequency,  and  t  the  thickness  of  the  core  plates. 

Then  the  volume  of  iron  is  — _.  f\ 

The  area  of  the  iron  portion  of   the   cross-section  of  the  mag- 

t 


netic  circuit  is A. 


The  induction  in  the  iron  is    — 

t 

Hence  the  hysteresis  loss  is 


1 


'       A 


t+t' 


1  fi  " 

X 10    watts, 


1.  See  London  Electrician,  volume  xxviii. 
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and  the  eddy-current  lu88  is 


V9 


t 


t  +  t 


,  ^^r  t' 


N 


t 


Vt-^-r 


watts. 


t 


Putting  ~- — -,  =  ^,  as  in  §  xv 


t-{-t 


-       !/ 


t  = 


\-q 


t\ 


the  total  iron  loss  is 


watts. 


/,.|„(-^rx.^+.,/i4(-y} 

Thus,  if  q  is  such  as  to  make  the  iron  loss  a  minimam. 

-  OSyrjq-^'^  10"^  +  g  f  j^^,  f'  B^''\^+  ^  1  =0, 

K\~qr  L|7        \—qA 

where  B  =  — , — 

A 

the  average  induction  through  the  area  A. 
Thus 

0.6  5y  q-'-'  10-'  =  &ft'^  B''    M"-4, 

(1— y)' 


or 


This  gives  q 

We  shall  best  lind  q  by  plotting  a  curve  having  q  as  ordinate, 
and 


as  abscissa,  (Fig.  4)  and  obtaining  q  from  the  curve. 

With  ordinary  values  for  the  constants  we  shall  find  that  q  is 
less  than  the  value  which  usually  obtains,  and  except  for  low  fre- 
quencies, /  is  usually  less  than  the  10  mils  which  appears  to  be 
about  the  inferior  limit  of  thickness  at  present  used. 
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ThuB  if 


g  =  10-^«,    /  =  100,     jy  =  0.002, 
B  =  2500,     tf  =  Z  mils. 


(1  —  qf    ^  10-»«  X  100  X  3'  X  (2500f  ^  X  10^ 
yi.6  (1  _|1  ^)  0.6  "x  0.002  " 


=  0.01706. 


Hence  from  tlie  curve 


q  =  0.737, 


thus 


and 


1  —  y  =  0.2f;3, 


^  =  T?I  X  3  mils. 
263 


=  8.4  mils. 


The  induction  is 


2500 


0.737 


_  =  3400  lines  per  sq.  cm. 


Thus  we  see  that  both  q  and  t  are  smaller  than  is  usual. 
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If  ^  =  2  mils 

1^_Z^?)!_  =  0.00759. 

t'  (1  +  q) 


Whence 


y  =  0.79, 
l  —  y  =  0.21, 

25  =  I?  X  2  mils. 
21 


=  7.5  mils. 


The  induction  is 


.  -^  =  3170  lines  per  so.  cm. 
0.79  ^        ^ 

Again  suppose 

B  =  2000,    /  =  50,     If  -  1.5  mils, 

§  =  1  ()-»«,     9  =  0.002, 


then 


(1  —  qf 

^^     =  0.00196. 


7^-^(1  +  q) 

.-.  y  =  0.857, 
\  —q  =  0.143, 

^  =  '"^i^"  X  1.5  mils  =  8.9  mils. 
143 


And  the  induction  is 

2000'       oQiMi- 

—  -  =  2340  lines  per  sq.  cm. 

0.857 

t  is  of  course  the  thickness  of  iron,  and  f  the  distance  between 
the  iron  of  consecutive  plates,  so  that  it  should  include  a  little 
for  rugosities  of  surface. 

It  thus  appears  that,  with  the  same  sized  core  and  the  same 
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ThuB  if 


§  =  10-^^    /  =  100,     jy  =  0.002, 
B  =  2500,     t'  =  3  milB, 


(1  —  qf    _  10-^«  X  100  X  3'  X  (2500f ^  X  10* 
ji.6  (1  +  y)  0.6  X  0.002 


Hence  from  tlie  curve 


=  0.01706. 


q  =  0.737, 


0.1)00        0.004 


thus 


and 


1  —  y  =  0.2H3, 


/  =  T?J  X  3  mils. 
263 

=  8.4  mils. 


The  induction  is 


2500 
0.737 


=  3400  linen  per  sq.  cm. 


Thus  we  see  that  both  g  and  t  are  smaller  than  is  usual. 
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1/^  =  2  mils 

iJ^'^L.   =  0.00759. 

^'■«  (1  +  q) 


Whence 


y  =  0.79, 
1  —  y  =  0.21, 

^  =  I?  X  2  miU. 
21 


=  7.5  mils. 


The  induction  is 


---   =  8170  lines  per  so.  cm. 
0.79  ^        ^ 

Again  suppose 

B  =  2000,    /  =  50,     ^  =  1.5  mils, 

S  =  10-»«,     7j  =  0.002, 


then 


(1  —  qf 

=  0.i>0196. 


.-.  y  =  0.857, 
1  —  y  =  0.143, 

^  =    -'   X  1.5  mils  =  8.9  mils. 
143 


And  the  induction  is 


2000"  ooinT 

=  2340  lines  per  sq.  cm. 

(».857  ^        * 


^  is  of  course  the  thickness  of  iron,  and  t^  the  distance  between 
the  iron  of  consecutive  plates,  so  that  it  should  include  a  little 
for  rugosities  of  surface. 

It  thus  appears  that,  with  the  same  sized  core  and  the  same 
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total  flux,  the  diminution  of  hysteresis  loss  due  to   using  plates, 

*  saj  14  mils  thick  as  against  thinner  ones,  does  not  balance  the 

inorease  of  eddy-current  loss,  and  to  ensure  minimum  iron  loaa, 

the  plates  should  be  considerably  thinner  than  is  usual  at  present. 


APPENDIX  B. 
Calculations  for  the  Transformer  of  Maximum  Efficiency 

We  will  here  give  a  more  extended  treatment  of  the  solution 
of  the  equations  of  §  x,  in  which,  however,  we  will  assume  that 
the  hysteresis  loss  varies  as  the  sth  power  of  the  induction,  in 
order  to  see  how  the  proportions  obtained  depend  on  the  index 
of  this  power. 

The  problem  is,  to  make  i?  +  //+  ^^  minimum,  subject  to 
the  condition 

where 


II  =  /7i  (a  +  J  +  c)  {a  e)-«  (J  0"^  +  ^ 

^=  ^1  (a  +  J  +  c)  {a  c)-^  {b  l)-\ 

Thus,  if  W  be  tlie  total  energy  wasted, 

W=  S  +  H+  E, 


^  Q  ^  II^E+  K{Q  —  i  H—  E\ 
=  a  {\  +  K)  +  II  {\  -  '^K)  +  J^iX  -  K) 


Thus 


di      ^n  +  Tih  +  c  ^  I    V       2    } 

— 1(1  — A^)^=0, 
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or 

^  ,  .   ^  , (1  +  ^)  i^=  ^-=^^  (i  —-£)  H 

2/  +  ffJ  +  c^^'^  I      \  2/ 

+  (     ,1,      --)(l-iO-5'=0 
\a  +  ft  +  <j       a/ 

or 

1  (1  +  iST)  i;?  -.  s^  +  c+e  — la  A  _  1  ^\  ^ 
«  a  (a.  4-  5  +  c)      \         2      / 


2  &  +  0  +  g  (1  _  iT)  ^ 


db  2  1+71^+7  ^\a  +  b-\-c  h) 


+  '>+ 

or 


^ (J  ^  7^)  .y  _  (e  —  1)  (g  4-  o)  —  (2— e)  h 


2  1  J\^Kb  +  c  5(a4-J  +  c) 


f  1  —  i  A'  W/  +     -    ?  +  *:"      _  (1  —K)  E. 


f  1  —  1  /r  )  //  +  C \ -i\(\  —  K)E=  0, 
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or 


<?(2Z  +  7rT+^)  <'(«  +  ^  +  ^) 

Neglecting  A' for  the  time,  these  four  equations  can  be  written  : 


( 


{\  +  K)  a      _  (e  — l)(2/+r^>  +  c>)  ^  th+  c+  £— i.g 


__  (2Z  +  n-6  +  c)  (£—  1  g  4-  6'  —  2  — e  J) 


_  (_2  I  -MJ  +  c? )  {ea  +  l  +  gj:^  O 
If  for  fihortuess,  we  write  these 


(■-I*)" 


from  [1]  =  [3]  we  get 

/   =    ^.~-\    Tt    -  ii(^  +  ^  +  O QN 

2  (e  _  I)  («  _^  ,.) _  2  —  e  j' 

Substituting  for  I  in  tlie  equation  [1]  =  [4]  we  get 

(c  —  1)  J  (a  +  J  +  <0  +  ib  +  2  c)  [(€  —  I)  (a  +  r)—  2^^^  J] 


=  J  (e  ,y  +  J  +  £  —  1  c\ 
or 


2  e  —  1 .  c  .  a  +  6*  =  t  (2  —  e  ^?  +  3  —  e  />  +  5  -   a  e  r).       (2) 
Again,  from  [1]  =  [2]  we  get,  substituting  for  /from  1, 


(£-_l)  r  \  e—i  h  (a+fj+c)  +  (*+^)  (£—1   t^+''  -  2— £  h)  \ 


{e—l)  7:  h  {a  +  /;  +  c) 
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or 


(e  _  1)  J  (a  +  J  +  c)  +  (/y  +  6')  (6  —  1  a  +  c  —  2  —  €  }) 


or 


or 


=  b{eb  +  c  +  e  —  1», 
I  (e  _  1)  (a  -^  c)  — (3  —  2  e)b  —  £b]  (b  +  c)  =  0, 

(3  —  e)  f,  =  {s—  1)  («  +  ^0- 

•••  *  =  !"-(«  +  '•')• 
Hence,  substituting  for  b  in  2, 
2  (s  —  1)  tf  =  i=—  [2^7^  «.  ^  yZ 


1   ^^    -|-  6*  +  ^  3  ^  <?]» 


or 
Whence 


a  =  2c. 


b  =  i^  .3  6S 


8  —  e 


and  substituting  in  1,  we  get 


1      r 


/  = t: 


2  +  r 


3 


-l3+'] 


£  _  1  .3  —  2  —  e  ., 3 


3  — £ 


Whence 


Z 


S   1         O 

—       .6  7rc. 
3  — £ 


a 


<j 


3-e— 1        2  3  —  £       3£— 1        3  —  € 
^is  given  by 

(l-lA-)//      (i-|A-)//      LJ 

(e  —  1)  {  6  r^I^l  +  3  T— ~T  +  8  -  £)  _  8  e  —  6 


«  £  —  1 

(1  +  A')  I  _ 

'    1  +1      ' 
^  2 


t? 


36  —  6 

8s 
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■         («.-3)(l+|)       ._5.-6 
. .  ^  -  2  £2  4  e^      * 

We  thus  see  that  Z=;r  J  and  a=2  c  in  general,  but  the  ratio  of 
J  to  0  depends  on  £,  varying  from  0.87  when  e  =  1.15  to  1.45 
when  6  =  1.65. 

For  transformer  iron  e  seems,  as  a  rule  to  lie  between  1 .5  and 
1.6,  for  the  range  of  the  induction  over  which  transformers 
are  worked. 

The  following  table  gives  the  ratio  of  h  to  c,  and  the  value  of 

^     c      for  different  values  of  e 


0,(XU 


0.030 


0.016 
Pi" 


0.012 


^ 

^-' 

^ 

^ 

../" 

/'" 

•^ 

." 

/"" 

^ 

-\ 

t3 


1  o 


1.1 

h 
c 


1.50 


1.52  1.54  1.56 

Fig.  5 

TABLE  I.     (Fig.  5). 


1J» 


1.00 


! 
1.50     1   1.52 

1 

1.000       I  054 

1 

1 
0.0938      0.0215 

»  54 


1.56 


I. no 


1.167 


0.0193 


0.0174 


1.58 

1.225 

1.60 

1.286 

0.0155 

0.0138 

Where  now 


(§XVII.) 


These,  together  with  tbe  above  table,  and  the  relations  I  =z  tt  b 
a  =  2c,  give  us  the  first  approximation  to  the  dimensions  of  the 
core  of  the  shell  transformer  which  gives  minimum  losses. 
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A  similar  investi^tion  will  give   us,  for  a  transformer  of  the 
€ore  type,  (as  in  §  xi). 

/  a  h 


c 


3  n  (£  —  1)         4  (a  —  £)         8  (£  —  1)  2  (3  —  e) 

The  following  table  gives  iis  tlie  ratio  of  h  to  c,  and  the  value 


of  -^-  c  "    for  different  values  of  s,  for  this  ease. 


TABLE 

11.     (Fro.  6.) 
1.54             1.56 

£  = 

1.50 
0.500 

'     X.52 

1 

158 

0.613 

0.0694 

1.60 

b  _ 
c 

1     0527 

,     0.0884 

1 

1 
0  555           0-583 

0.643 
0.06^3 

0.0952 

C.0818     '     0.0756 

1 

1.0 


0.00 


.r^-0.63 


O.S0 


0.70 


^x 


4e 


0.G0 


\  .     ___4- 1--^ 

\.  ^     -    -    . 


0.7 


0.6 


LdO 


14y3 


1.51 


1.56 


1.58 


1.00 


0.55 


h 
c 

0.5 


Fig.  6 


Where  U^  and  H^  have  the  same  values  as  the  preceding  case. 

(See  ako  g  xviii). 

If  two  specimens  of  transfornrjer  iron  give  about  the  same 
hv.steresis  loss  at  the  same  usual  induction,  (say  3000  lines  per 
6(|.  cm.),  and  in  one,  s  is  larger  than  in  the  other,  it  will  be  found 
that  if  transformers  be  designed,  by  the  above  methods  to  suit 
the  iron,  that  in  which  e  is  smallest  will  have  least  weight.  The 
amounts  of  copper  in  the  two  transformers  will  not  be  very  dif- 
ferent, neither  will  the  waste  of  energy,  but  the  suitable  amount 
of  iron  will  be  smaller  when  s  is  smaller.  The  radiating  surface 
will  also  be  smaller,  so  that  this  transformer  would  get  hotter, 
if  both  were  used  similarly. 
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APPENDIX  C. 


Effect  of  Eddy-Cdkrents. 


The  equations 
dW 


=  0, 


dW 
8  a 


0      «^^''=0      ^'^=0 
'     db         '     do         ■ 


of  Appendix  B  are, — 


2Z  +  ff  6  + 


fy=,(i  +  ir)fl-!=i(._lA-)/f->(i-^£ 


=  0,     1 


'i {\ -\-  K) a  —  It  —       \      \l\.  -I  k)  If 


-(--— r-!-^)(l-^)^=0,     ....2 


TT 


2Z  +  ;ri  +  <? 


(i+i-)i.- ['-'-; 


+  A  +  6'J 


L     2    J       •  L  J     « +  ft  +  cd  ^         ' 


f-— ^^= .  +  11  (1 +A')  ii—\t—.    .l—l  Fi -  i  A'1  H 

-f?-^^       1(1-70/^  =  0,     ....4 

It  is  shown,  in  Appendix  B,  that  if  ^is  zero,  these  equationB- 
have  the  solution 


/. 


a. 


a  ;r  £  —  1        2  3  —  £        3  s  —  1        3  —  e ' 


whilst 


K  = 


5  e  —  (} 
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whicli  we  will  now  write  Kq\  and  the  absolute  values  of  ^,  Oo,  Jo> 
and  ('o,  are  given  by 


iix  (fo  '0  {2fo  +  7rho  +  Co)  =  g  7/,  K  +  *o  +  ^)  («D<J6)•"^(*o?o)"®+^ 


or 


^0  =  ^  74  say. 


Suppose  equations  1,  2,  3,  and  4,  together  with  the  equation 


o=  Ll/4-  F  ....5 

2       ^ 


are  satisfied  by. 


/  =  /o  (1  +  /) 
^  =  «o  (1  +  «^ 

<-'  =  '0  U  +  r) 

whilst  7r=  A"o(l  +  8  JiT). 

We  will  suppose  that  T^'is  small,  and  neglect  squares  of  small 
<|uantitie8. 

To  this  order  of  approximation,  we  shall  have 


(J  =  a,  (to  f\,  (  2  /o  +  r  A.,  +  r,,)  \l  -\-  a  +  r 


-    ()     \,,  "^  £  —  (•>.«  +  ;)  c—  1/94-7S—  3r  +  6e  —  i;) 


or  we  niav  write 


d  Q=  o  8_£  —  [)  a  +  3  .  £  —  1  )9  +_7  «  —  ^r  +  6  .  Jj^-  1  >l 


s  e  —  h 


(6) 
again 
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11  =  //  ia^  -r  **  -c^}  'O*  c,r*  1^  V^^» 


',  1  —  «-«  —  r  —  2  —  1.^  —  /  — 


=  /A  •  1  _  liii!?: 


a --3  .  £—1  ^-i-7  £—3  r-r«  -  s— I  / 


thn« 
3//=  — 


„  S  «  —  i;g^3.  £— 1^— 7  £  — 3r  +  6,  £— 1/ 


^  £  —  fj<£  +  3.£  — l^  +  7£— 3r  +  »>g 

3s 


—  1/ 


s  £  — »; 


3  £ 


(7) 


again 


1  +  a;,  =  ' 


_  4  £*  +  5  £  —  r,  _  (e  4-  2)  (4  £  —  3)  1 


4£« 


4£* 


1        1  A'   =  ^  *  "~  •'* £+_?  =  3<,£  4- 
~'2     "  «e  87" 


2) 


(8) 


1  -  A'.  =  *jl_-^5  L+ « 

Putting 

/  =  4  ( 1  +/),      a  =  <i.,  (1  -|-«),      //  =  Ao  (1  +^).       c  =  ^0  (l+r), 
and 

A'  =  A'o  (1+5  A'), 

in  (MjUHtion  1,  it  becomes,  hy  virtue  of  eqns.  H,  7,  &  8, 
,  r«!    n  ^»  ^''>  -^  ^'+  /  7  ^-^  ^^  ^^«^^' 

/T  (8  e—  (»)  ,5  ;:  (e — 1) 

2  (U— "1  )^+^J—\    M-j^—'-r  (f+2)  ("^  s— 3)  g 


£  -  1        j^  2     3  (£  +  2)  ^ 
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098^ 


,    i 2 (g-l-2)  (4  £^8)    ,        £— I         3(6+2)     8  £—6  ) 

"^  ( ;r  (S  e— t))  •  4  s'  "^3^(£-l)'       8  6      '     3£     f 


(£-1) 


.S  £_«    a-f  3.  £—1   /9+7  £—3  r+^  €—1  ^  a 


8  £—6 


;r  (8  £  —  t)) 


4e2_5c  +  6  f^_ 


4£* 


^=0,. 


Reduciug  to 


1 


-  £    a  4-  o  £ 

3  ~  ^ 


-^  7  £  +  3      , 

1  ^+— f-r+^/ 


4  £^  —  5  J  +  6^  _       8  £  (5  £  —  fi)        ^  ^^  g 

3 (£—1)  (£+2)  iio       3  (8  £  —  6)  (£  +  2) 


Similarly  equation  2  becomes 


J_    SIK08K  + 


2  (3— £) 


L2  (3— £) 


1 

6J 


i?o  Ao  *  iT 


_    I      J2  (g+2)  (4  £-3) 

2(3- £)  4  £2 


a- 


,    \      £«      _  1  2  3— £  g4-3  £—1   )9+3— £  r  )  3  (£+2)    2  ^ 
"^  "(  2  (3— £)       6  '6  f      8  £      *  £  g  2 


,    I  _1 (£+2)  (4  £—3)  ,    [        £       _in3(£+2)8£— 6[ 

■^  I  2  (3— £)  '  4  £«  "^  L2  (3— £)      eJ      8  £        3  £     f 


8  e_6  a+3.  £—  I  /9+7  £—3   7'+6  £— 


\  ?_5"1^ 


8  £—6 


li}x^o 


which  reduces  to 

-  2      ^   ""*"    ■  -4-  ^^~^)  '^+ 4 ''+^  ^(«— !)'• 

=    -:-! (4  s- — o  £4-«»)  ^-- ^^ '-  o  K 10- 
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EquAlion  3  becoincss 


-£  —  1 


8  s  —  ^.  _3  £  —  1       fi_ 


1         .^—1  z-^:^  £—1  ;jr— .V- 


^r)      .4£-3M/-h:^> 


4£ 


.t 


Q. 


Ii— £  a-|-:i.£— 1    ,i-;-3— £  -  I  3.£+2     -  o 


6 


b  6 


.    i  _1         (4  £— 3)J 
"^  J  8  £— r,  •  4  £' 


(4  £—3)  (t+2) 


-    £— 1 


1~  3.£+2     8  £—6  i 


•      _3  £—1         6_       H  £ 


3  e     » 


i  8  €  —  6  «  +  3.  £  —  1    ,?  +  7  £  —  3  r  +  »>  £  —  I  /  » 


s  £  — »; 


i'^o 


*  8fe—  1;        r»»  4£' 


which  reduces  to 


O  £  —  o  I      o      I      ^  I 


1  . 
-  / 


1   .  .  .'h-^. (4  £-—5  £+6):f 


2  £  (5  £-fi)      ^  ^ 
3  (+  £— H)  <.£+2J) 


....11 


Equation  4  becomes 


[ 


8  £           «  ^  3           £_. 

Lo  —  £         ♦»--. 

(      1      f;. 
j  8  £     <; 

£        1  /  _^  ;j.  .     "  1   ^5  +  8       £  Y 

^  £  -  ♦; 

+  . 


1      ..  I  ("^  -'  -  '^)  K^  +  ^) 


8  —  c'     S 


\i 


Q 


■  I    £    ^_12.:^— £   a+a.£— 1  ,9+:: 


—I  ,9+3— £  r  t  ;{.£+'i    2 


t  ~ST 


.    —     iSk/i 
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+ 


'      .+    ' 


{  L8  £—6  '  3— £. 


-  (4  c_3)(g-|-2)     r    c    _in3.e^2     8s— 6  ) 
sj  4r£-         '"^Ls— £       bJ    8£     ■     8s    ) 


\8£  —  6  a  +3.  £— 1    y9  +  7£  —  3r  +  «e— l/)o 

t sT=« J  ^^ 


■_2 
.3  — "£ 


S    £— « 

11  1^^.5j  +i^  ^  =  0, 
6  J  4 1^  ' 


wliicli  reduces  to 

<i»   £'—2  £—3)  a+4  £  (£—1)  ^+2  (4  s'— 6+3)  r+  (e— 1)  (7  e+3)  X 

=     9±^(4£'-5£+(0f-*^ili==i^K^±=J)^^     ....12 
a  («+2)  ^  ^  ^  i?„       3    (4  £—3)  (£+2) 


"Whilst  equation  5,  i.  ^., 


2       ^     ' 


becomes 


or 


2  ^     ' 


a  i2  fi  +  iLiz-^  .  i1  =  ^; 

L     ^       3  £         2J 


oi- 


3C4£— 3).E'         .„ 

8  6— e.a  +3.£— 1   ^+7  £—3  ;-+6.£— 1  /  =  — S^ —  5" 


'0 


jF 


If   we  put  -Q   =  aS>  for  brevity,  we   may   write   equations  9, 
10,  11,  12  and  13,  respectively  as  follows: 


^  (4  s  _  3)  £  «  +  i  (4  £  -  .3)  (£-1)  ^+  iV(*s-3)  (7«  +  3)r 

+  i  (4  £  -  3)  e  ;., 
I  e  (5  e  -  6)  ^>  ^  j^ 


_  (•*  £  --  3)  (4  £"  —  5  £  +  6)  .,_ 
~-  6(£_i)(,4.2) 


£  +  2 


i  (5  £  —  3)  £  a  +  i  (  .5  £  —  3)  (£  —  1)  ^  +  i  ( !♦  £»  —  2  £  — 3)r 

+  2  £  (£  —  1)  A 
^  (£  +  3)(4£'-5£  +  6)^y_         e(5£-6)^  ^  ^^^^ 


6  (£  +  2) 


£  +  2 
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^  (4  e  -  3)  (5  e  -  3)  «  +  (4  e  -  3)  ^  +  1(4  e  -  3)  e  r 

+  i(4£-3)(e— 1)^ 

_  1^  (4  £  —  3)  (3  —  £)  (4  £»—  5  £  -f  0)  e_2  £  (5  £  —  6)  .  j^ 
«  (£  —  !)(£ +  2)  3       £  +  2  ' 

(16) 

1  i  ^-^1  (9  £'  —  2  £  —  3)  a  +  2  iiZZ?  .  g  (s  —  1)  /9 

2  7  £  —  3  ^  "^     ~     7  £  —  3  •" 

+  ^;--|(4£-^--£  +  3;r  +  ^.t^^(7£  +  3)(£-i);. 

_  (4  £  --  3)  (e  +  9)  (4  e"  —  5  g  +  6)  ^  _  ^  £  (5  e  —  (?)  ^  .. 
6  (£  +  2)  (7  fe  —  3)  S       £  -I-  2  ' 

....(17) 

2  (4  £  —  3)  a  +  3  (£  —  1)  )9  +  (7  £  —  3)  r  +  «  (s  —  1  )  ;i 

=  ~  — aS'.  (18) 

Subtracting  eqn.  14  from  15  we  get,— 

3  £         ,£  l/ii      3  £  Ij 

-g-«  +  ^^+   -f2-r-^^• 
Subtracting  eqn.  16  from  14  we  get, — 

3   £  5  £af3  £  fl) 

6  4       '^  ^      12      '  ^  2 

(2  _  £)  (4  £^  -  5  £  +  6)  ^^,  _  ^,  ,20> 

+  -  6  (£_!)(£ +  2) ^  -  ^ ^^^> 

Now  subtracting  eqn.  20  from   ID  we  get, — 
Thus  cijuations  19  and  20  are  equivalent  to, — 

^'  +  r-^^  +  '^Zl^^l-+^^  =  o (.1) 

Again,  subtracting  eqn.  16  from  17,  wo  get, — 
1(45-8)  (3-£)a4-(2£»-9£+3)  fi+i,{3-e)  {2e  |-3)rf  3(e  -1)A 
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4  e  (2—6)  (4  e»  —  5  £  +  6^  «  _  ^ 
■^  3  (£  —  1)  (£  +  2) 

or  since  /9  =  >l 

^     3(£-l)(£+2)(3  — e)  ^     ^ 

Eliminating  /  between  eqns  21  and  22  we  get, — 

3  a  —  8  ^  =  0, 
or  a  =  }'. 

Hence,  from  equations  21  or  22, — 

a-).  +  2  (2-^)(-*^^-5/  +  6)  5=  0,....  (23) 

^    3     (3-£)(£-l)(£  +  2)  ^       '' 

and  equation  18  becomes 

(5  e  _  3)  a  -|.  8  (s  _  1)  ;  _  J^  if_ii_3  ^*  ^^  q,  ...  .(24) 

whence 

a  =  r  =  -    i  (2-^)('ts'-5£+6)    _±  K, 
'  ( (a_£)(4£_;3ys+.2)         4  e  I     ' 

5  =;.  =   i  1    (2— £)(4£^— 5£+6)       06—3    ,     J^  )    > 
'^        ■        1  3  (3— £)(4j— 3  (£+2)  ■    £—1    "*"  4  £  I  '  ■ 

Thus  if  £  =  1.(5  we  have, — 

a  =  r  =  —  0.036  ^,         and  ^  =  ?.  =  0.691  ^, 


(25) 


O'        — • o 

whilst  if  £  =  1.5  we  get, — 

a  =  r  =  ~  0.071  ^ ,        and  fi  =  /.  =  0.881  -. 

The  values  of  «,  /9,  7^,  and  A,  for  other  values  of  e  will  be 
given  with  sufficient  accuracy,  by  interpolation  or  extrapolation  ; 
for  although  a,  /9,  /%  and  /,  change  considerably  with  change  of 
€,  this  change  has  but  a  small  effect  on  the  dimensions,  when,  as 
we  have  assumed  in  the  calculations,  the  corrections  to  be  made 
are  small. 
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APPENDIX  D. 

Proof    that    the    Transformers    designed    have    Minimum 

Losses. 

In  §§  X  and  xi  and  in  Appendices  B  and  0  we  have  shown 
how  to  find  the  proportions  and  size  of  tlie  transformer  having 
minimum  waste  of  energy  consistent  witii  certain  external  re- 
strictions. The  method  of  procedure  was  to  equate  to  zero  the 
first  differentials,  with  respect  to  the  dimensions,  of  the  ex- 
pression for  the  energy  wasted.  This  metliod,  however,  would 
equally  well  find  us  the  dimensions,  if  sucii  exist,  which 
will  make  the  energy  wasted  a  maximum,  and,  for  the 
sake  of  completeness,  it  is  necessary  to  prove  that  the  solution 
given  corresponds  to  an  absohitely  minimum  waste,  that  is,  that 
no  change  in  any  of  the  dimensions  will  diminish  the  waste  of 
energy. 

In  the  first  place,  we  may,  for  this  pur])Ose,  neglect  the  effect 
of  the  eddy-curreiits,  for,  although  this  may  somewhat  change 
the  dimensions  corresponding  to  the  stationary  point,  it  will 
certainly  not  change  a  minimum  point  to  a  maximum  or  vice 
versa. 

Using  the  same  notation  as  in  Appendix  6  the  problem  is  to 
find  the  minimum  value  of  //  -j-  i/,  when   ii  and   //  are   con 
nected  bv  the  relation 

U  =  i  // 

2 
This  is  the  same  as  finding  the  minimum  value  of 

i?[i+Jir]+//[i-|A" 

subject  to  the  condition 

i^=i  TI 

2 

5  g g 

where  A" is  any  constant.     If   K  has  the  value         ^   -,      then, 

the  unique  solution  we  obtain  for  the  stationary  value  of 


satisfies 


iJ  =  i  // 


naturally. 
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Consider  now  the  problem  of  finding  the  minimum  value  of 


a 


1  +  A'    4-7/ 


2      J 


where 


K  = 


5  €  —  6 


4  e 


n 


and  ^  and  II  are  nnconneeted  by  any  relation.  We  are  able  to 
find  a  single  possible  stationary  value  for  the  function,  and  the 
only  question  is  whether  this  value  is  an  absolute  minimnm  or 
not.  Since  the  variables  are  independent,  we  may  consider  the 
effects  of  their  variations  separately. 
The  function 


X=  iJ 


i  +  K 


+  // 


['-!*■] 


is  continuous  in  all  the  variables.  Let  us  consider  the  effect  of 
the  variation  of  a,  supposing  J,  c,  and  Z,  to  be  fixed. 

When  a  is  large,  SJ  is  large,  and  therefore  Jl  is  large. 

When  a  is  small,  1/  is  large,  and  therefore  JCis  large. 

When  a  is  of  finite  size,  accordingly,  X  is  smaller  than  when 
a  is  very  large  or  very  small,  and  it  therefore  passes  through  a 
minimum  for  some  finite  value  of  a^  since  it  is  continuous. 

Similar  argument  precisely  will  apply  to  J,  (?,  and  /,  and  ac- 
cordingly the  unique  solution  obtained  for  the  stationary  value 
for  A  ill  Appendix  B,  must  correspond  to  an  absolute  mmimum, 
when  Q  and  If  are  not  connected  by  any  relation. 

This  solution  is  the  same  as  that  obtained  for  our  problem  of 
finding  the  minimum  value  of  JT+  X^  when 

<J=t  II 
2 

that  is,  it  gives  us  the  stationary  value  oi  H  -\-  Q  consistent 
with  the  siDove  condition. 

Again,  since,  at  the  point  obtained  in  this  solution, 


[ 


i;>  1  _|-  A' +  7/ 1 


-I*'] 


iucreases  with  all  changes  in  the  variables  it  necessarily  increases 
with  tliose  particular  cTianges  which  are  consistent  with  the  con- 
dition 


ii=l  II 


2 


that  is,  the  solution  given  makes 


a 


1  +  A'    +  // 


['-1-1 
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an  absolute  minimnm,  when  the  variables  are  connected  bj  the 
relation 

2 

Accordingly  the  8olntion  found  makes   Q  -{-  H  9Ji   absolute 
minimum  subject  to  the  condition 

i?  =  i  //; 

2 
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Discussion. 

Dr.  M.  I.  PcpiN : — Mr.  President,  1  do  not  think  that  there 
18  much  to  discuss  in  connection  with  this  paper.  There  is  so 
much  difference  of  opinion,  and  there  naturally  must  be  a  great 
deal  of  difference  of  opinion  in  things  depending  on  indi^idunl 
taste.  The  old  Latin  proverb,  ''^  De  gicstibus  non  e^t  disputafi- 
duvi^^  applies  eminently  well  to  the  design  of  any  apparatus. 
The  designing  of  machinery  is  a  work  of  art,  as  well  as  of  pure 
reasoning.  A  man  may  master  the  science  of  electricity  and  yet 
not  be  able  to  design  a  completely  satisfactory  piece  of  apparatus, 
because  he  lacks  the  artistic  element.  It  is  a  thing  that  cannot 
be  taught.  It  is  just  like  the  saying  of  the  Greet  philosopher 
Socrates,  that  you  cannot  teach  a  man  virtue.  It  is  a  thing  that 
has  to  be  born  in  a  man,  and  then  developed  by  experience. 
The  art  of  designing  machinery  has  to  be  learned  by  practical 
experience,  anda  man  will  profit  by  his  practical  experience,  and 
become  a  master  of  designing  only  if  he  has  a  taste  for  it.  The 
experience  will  develop  tliat  which  is  in  him.  If  he  has  it  not 
in  him,  all  the  teaching  in  the  world,  and  all  the  experience  will 
not  carry  him  very  far.  For  that  reason,  I  think,  instructors  in 
colleges  do  not  insist  very  much  upon  the  theory  of  design, 
because  there  is  no  clear  cut  theory  relating  to  it.  You  have  a 
theory  of  electricity.  There  are  the  fundamental  principles  and 
their  generalizations,  and  you  have  the  materials,  and  a  man  has 
to  knaw  the  properties  of  materials  and  to  combine  his  knowl- 
edge of  electricity  with  his  knowledge  of  materials  to  produce  a 
method  of  design,  and  each  man  will  have  a  different  method ; 
his  own  method  of  designing,  but  of  course,  all  these  different 
methods  will  lead  to  the  same  result.  You  see  in  this  paper  a 
calculation  of  what  should  be  the  dimensions  of  a  transformer  that 
should  have  the  least  loss.  Taking  a  Westinghouse  transformer 
as  an  example,  it  is  found  that  this  transformer  has  much  less 
iron  than  this  paper  recommend**.  In  another  case,  that  of  the 
Mordey  transformer,  a  different  relation  is  found.  Again,  the 
author  finds  that  the  thickness  of  the  iron  plates  should  be  7^^ 
mils,  and  Prof.  Bedell  finds  that  it  should  be  16  mils.  I  think 
the  American  practice  is  to  use  12  mils.  8o  who  is  right? 
Probably  they  are  all  right,  for  each  one  of  them  had  different 
conditions  to  fulfil,  and  it  is  impossible  to  design  a  transformer 
which  will  satisfy  all  conditions.  On  the  whole  I  do  not  think 
that  this  paper  will  lead  to  anything  that  could  be  used  as  a 
standard  for  all  cases.  But  at  the  same  time  it  is  a  very  good 
thing  to  have  in  a  paper  like  this,  filed  away  in  our  Transactions, 
and  ready  for  reference,  the  various  steps,  the  essential  steps  of 
reasoning  that  a  man  has  to  go  through  in  designing  a  transfor- 
mer. We  certainly  who  teach  in  colleges  are  very  glad  to  have 
such  a  reference,  because  it  saves  us  a  great  deal  of  tedious  dis- 
cussion.    A  student  comes  to  us  and  says :     '*  What  am  I  going 
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to  do  about  this  transformer  design  i  What  is  the  next  step  to 
take  i  ^'  The  teacher,  you  know,  in  a  great  many  eases  is  not 
qnite  sure  what  the  next  step  is,  and  he  does  not  care  to*  display 
his  ignorance  before  the  student.  So  he  feels  very  much  like 
saying  to  the  eager  student :  "  you  will  have  to  look  that  up  in 
the  electrical  literature."  I  must  say  that  so  far,  in  electrical 
literature,  there  never  was  a  convenient  reference  of  this  kind. 
The  college  professors  of  limited  experience  in  transformer  design 
(and  their  number  is  very  large)  can  now  say  to  students:  "Read 
Mr.  Carter's  paper;  it  will  give  you  all  the  essential  points  in 
transformer  design."  It  takes  a  great  deal  of  unnecessary,  dis- 
agreeable work  out  of  our  hands ;  and  it  is  disagreeable,  to  be 
sure,  because  not  every  teacher  can  l)e  expected  to  know  all  the 
details  of  electrical  apparatus  design.  Lnless  a  man  has  been 
employed  in  some  factory  and  made  his  living  by  designing,  he 
cannot  he  expected  to  know  much  about  it.  As  a  mere  scientific 
study  the  thing  is  dreadfully  uninteresting.  But  it  is  a 
necessarj"  evil,  and  very  necessary  indeed.  In  fact  the  success^ 
sometimes  of  a  company,  depends  on  the  appropriate  design  of  it& 
machinery.  I  was  told  some  time  ago  that  a  man  who  was  con- 
nected for  a  long  time  with  a  large  electrical  manufacturing  com- 
pany, stood  very  high  with  the  company  because  he  was  a  most 
eminent  designer.  He  could  design  better  than  anybody  els^t 
because  he  w^as  a  born  artist  in  matters  of  design.  That  man 
could  tell  you  more  about  a  machine  by  merely  looking'  at  it 
than  an  ordinary  electrician  could  by  elaborate  tests.  The  success 
of  the  company  in  a  great  measure  depended  on  him.  That 
shows  how  necessary  a  thing  it  is — this  work  of  designing  which 
to  many  of  us  appears  dry.  We  ought  to  be  very  grateful  to  Mr. 
Carter  for  having  taken  the  trouble  to  put  down  in  this  admirable, 
systematic  way,  the  method  of  designing  a  transformer;  and  I 
only  w-ish  that  somebody  else  who  has  had  a  large  practical  ex- 
perience would  come  up  and  tell  us  all  about  designing  an  alter- 
nator, synchronous  motors,  induction  motors  and  all  that  sort 
of  thing.  We  would  then  be  in  a  very  fair  position  to  train  our 
young  men  and  to  develop  their  latent  faculty  of  designing. 

Prof.  W.  S.  Franklin: — I  wish  to  express  my  concurrence 
with  the  views  of  Dr.  Pupin  in  the  matter  of  teaching  trans- 
former design  to  students.  The  '*  cut  and  try  "  method  is  no 
doubt  the  method  of  practice,  but  it  is  not  a  method  which  lends 
itself  with  any  convenience  whatever  to  teaching.  We  have  not 
had  heretofore  a  mathematical  statement  of  the  principles  of 
proportioning  transformer  parts,  or  in  short  we  have  had  no 
method  of  design.  We  have  known  indee<l  precisely  how  trans- 
formers act,  we  have  known  how  to  calculate  the  secondary  turns 
when  the  primary  turns  are  given,  we  have  known  how  to  cal- 
culate losses,  regulation,  and  every  item  of  their  behavior,  but 
these  are  only  the  foundations  of  designing,  and  it  seems  to  me 
that  Mr.  Carter's  paper  is  the  first  that  has  been  given  on  trans- 
former design. 
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I  may  be  permitted  to  say  further  that  a  consideration  of  lim- 
iting cost  might  easily  be  formulated  and  used  in  connection 
with  Mr,  Carter's  method  for  determining  rationally  the  absolute 
size  of  a  transformer,  instead  of  the  choice  of  an  arbitrary  cur- 
rent density  in  the  coils.   This  formulation  is  outlined  as  follows: 

The  cost,  $  ,  is  approximately  : 
k  —  ac  -f  hi 
where  r  is  the  weight  of  copper,  /  the  weight  of  iron,  and  a  and 
b  are  constants.      The  interest  charge  is  proportional  to  %    and 
may  therefere  be  Mrritten 

.   %  =  a'c  +  *'/. 

Take,  now.  Mr.  Carter's  expression  for  total  Iqs?,  W,  in  terms 
of  the  yet  undetermined  dimensions  of  the  transformer.  The 
yearly  value,  F,  of  this  loss  is  at  once  known  in  the  terms  of  the 
value  of  power,  and  the  yearly  total  cost  of  the  transformer  is 
V  -|-  %  which  is  completely  expressible,  as  above  stated,  in 
terms  of  the  various  items  of  the  yet  undetermined  design,  and 
these  various  items  may  then  be  determined  so  as  to  make  the 
function  Y  -\-  %  a  minimum.  In  this  way  the  design  would 
be  determined  without  any  arbitrary,  basis  whatever.  This 
method  would  always  give  a  cheaper  transformer  than  the  trans- 
former of  maximum  efficiency. 

Mr.  W.  B.  Jackson:  — It  seems  to  me  that  we  have  been  dis- 
cussing this  matter  wholly  from  a  theoretical  standpoint  without 
giving  sufficient  consideration  to  its  practical  bearing.  Having 
ad  some  experience  in  the  designing  of  transformers  I  feel  com- 
petent to  say  that  it  is  a  mistake  to  suppose  that  the  "cujt  and  try" 
method  is  that  now  used  exclusively  in  practice.  When  the 
transformer  was  made  l)y  the  old  uncertain  methods  we  did  not 
have  what  would  be  called,  at  present,  a  transformer  at  all ;  it 
was  merely  a  bunch  of  copper  and  iron,  and  we  were  fortunate 
if  able  to  make  a  reasonably  ^ood  guess  of  the  resultant  action  ; 
it  could  not  be  calculated.  When  the  transformer  was  made  a 
reliable  machine,  it  was  bv  means  of  the  most  careful  calculations, 
no  less  than  we  are  requested  to  make  in  the  paper  we  are  dis- 
cussing, and  now  when  a  transformer  of  a  new  design  is  brought 
out  by  a  competent  designer  we  feel  assured  if  he  has  set  himself 
the  task  of  determining  the  loss  in  copper  and  in  iron,  the  leak- 
age current,  and  the  drop,  that  when  the  transformer  is  completed 
it  will  very  closely  fulfil  the  conditions.  The  greatest  difficulty, 
to  my  mind,  we  have  not  taken  up  to-night,  and  yet  it  is  one  that 
daily  confronts  us  in  practice,  that  is,  the  fteatinq  of  the  trans- 
former. This  must  always  be  a  determining  factor  in  the  pro- 
portioning of  the  copper  and  iron  whether  considered  from  a 
purely  theoretical,  or  from  a  practical  standpoint.  Those  who 
have  made  practical  use  of  the  various  kinds  of  transformers  now 
on  the  market  have  foun<l  a  great  part  of  the  trouble  experienced 
with  them  to  be  caused  by  defective  design  of  the  electrical  and 
magnetic  circuits  considered  apart  from  the  insulation  and  build- 
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ing  up  of  the  apparatus  ;  in  some  cases  the  copper  heating  too 
greatly  for  tlie  normal  load,  and  in  others  the  iron.  This  fact 
demonstrates  the  futility  of  designing  a  transformer  without  due 
consideration  of  the  heatfng  factor. 

Mr.  Carter  handles  the  subject  most  ably,  theoretically,  but  of 
'  what  value  is  the  theoretical  discussion  unless  it  has  clearly  a 
practical  bearing  i  Why  should  we  not  touch  upon  some  of  the 
principal  points  that  interest  those  of  us  who  have  left  for  the 
time  the  desig^ning  of  su(^h  appliances,  and  have  taken  up  the  use 
of  them  ?  There  are  one  or  two  points  of  vital  interest  to  every 
one  of  us  who  has  to  put  a  transformer  on  a  pole  or  into  a  hole ; 
for  instance,  sh^ll  we  use  an  oil  or  a  dry  transformer?  Also, 
how  much  added  capacity  do  we  get  in  an  oil  transformer  over  a 
dry  one?  Now  these  are  points  that  are  really  worth  careful  in- 
vestigation but,  as  far  as  I  know,  have  never  been  taken  up  in  a 
scientific  manner,  never  having  been  worked  out  completely. 

I  know  this,  that  where  I  can  overload  an  oil  transformer  10 
per  cent,  without  oil,  that  if  I  put  in  oil  1  can  get  just  about  as 
good  results  with  an  overload  of  50  per  cent,  nut  is  there  anv 
one  here  who  has  made  the  necessary  tests  to  show  us  how  mueti 
more  capacity  a  transformer  has  when  it  has  oil  in  it  than  when 
it  has  none  ?  And  should  we,  to  get  the  best  results,  have  the 
copper  and  iron  in  different  proportions  when  designing  for  the 
use  with  oil  or  with  no  oil  i 

To  my  mind  a  design  is  not  worth  consideiing  unless  it  is  prac- 
tical in  the  most  thorough  sense.  I  am  a  college  man  and  I  value 
very  highly  my  college  training,  but  I  think  our  young  men  are 
not  made  to  realize  the  practical  significance  of  what  they  are 
taught;  for  instance,  that  such  calculations  as  those  of  Mr. 
Carter's  paper  are  of  absolute  importance,  and  that  in  our  fore- 
most electrical  shops  the  result  of  formult^  just  as  complex  as 
those  of  Mr.  Carter  are  used  in  the  successive  steps  of  the 
manufacture  of  the  transformer. 

It  is  surprising  that  at  the  present  day  so  many  transformers 
are  put  upon  the  market  that  are  not  well  designed.  1  can  give  a 
little  experience  in  regard  to  one  that  was  brought  to  my  notice 
in  the  northwest.  The  manufacturer  asked  me  to  measure  the 
leakage  current.  He  said  his  transformer  was  "  a  dandy."  1 
foundithad  over  ten  times  as  much  leakage  current  as  a  standard 
transformer  should  have.  At  a  low  price  this  was  a  very  expen- 
sive transformer.  There  are  others  equally  expensive,  and  it  is 
necessary  to  realize  the  importance,  in  buying,  of  choosing 
those  of  known  low  waste  of  energy. 

I  was  interested  to  hear  Prof.  Franklin  speak  of  this  paper  as 
probably  not  being  worth  very  much  because  the  Westingnouse 
transformer  comes  so  near  it  in  its  calculations.  But  I  think  the 
paper  is  no  less  valuable  because  one  make  of  transformer  is  similar 
m  calculations,  since  there  are  hundreds  of  other  makes  that 
ought  to  be  benefited  by  it. 
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There  are  several  other  questions  relating  to  this  subject  that  I 
should  like  to  have  discussed.  I  suppose  all  of  us  who  are  en- 
gaged in  the  electrical  business  have  heard  the  question  from  a 
manufacturer  "How  much  drop  can  you  stand  in  vour  trans- 
former?" "How  much  watt  leakage i"  As  far  as  J  know  the 
answer  can  only  be  approximate.  Can  any  one  tell  me  what  the 
drop  should  bef  I  do  not  see  why  our  discussion  should  not  take 
up  both  theory  and  practice.  I  suppose  there  are  others  inter- 
ested, as  1  am,  in  considering  this  subject  from  all  sides. 

Mb.  Townsend  Wolcott: — The  question  as  to  whether  trans- 
formers in  use  to-day  are  designed  by  "  rule  of  thumb  "  or  not 
seems  to  be  still  open.  I  know  within  the  last  year  or  two  I 
have  seen  several  statements,  especially  from  Englisli  electricians; 
— (I  think  one  was  Mr.  Swinburne,  another  was  Prof.  Fleming) 
— that  owing  to  the  fact  that  there  is  no  simple  mathematical 
expression,  in  fact  even  a  complicated  one,  for  the  relation  of 
magnetism  in  iron  to  the  exciting  current,  it  is  impossible  to 
design  a  transformer  entirely  on  a  scientific  basis ;  the  design  is 
practically  "rule  of  thumb."  On  the  other  hand,  some  other  elec- 
tricians, more  particularly  Prof,  Carhart,  last  year  said  that  he 
gets  practically  accurate  results  by  assuming  the  sine  form  of 
wave  of  magnetism.  In  the  first  place,  he  may  not  have  exactly 
a  sine  current,  but  assumes  a  sine  form  for  both  the  current  wave 
and  also  the  wave  of  magnetism,  and  he  says  he  gets  results  that 
are  as  accurate  as  you  get  in  direct  current  machinery.  It 
would  seem  that  the  "  rule  of  thumb  "  practice  is  going  out  of 
designing  at  all  events,  if  it  is  not  already  out. 

Prof.  Franklin  : — Mr.  President,  if  I  may  impose  upon  the 
good  nature  of  the  Institl tk  yet  a  few  moments  more,  I  may  be 
allowed  perhaps  to  say  a  word  on  that  matter,  as  to  what  the 
design  of  transformers  consists  of  at  the  present  time.  It  seems 
to  me — of  course,  1  don't  know  very  much  about  it,  I  will  admit 
that — but  it  seems  to  me  that  the  thing  we  know  about  trans- 
formers and  the  thing  which  practical  men  know  about  transfor- 
mers is  haw  transforiaerH  act.  After  a  transformer  is  made, 
after  you  have  decided  upon  the  items  in  its  design,  you  can  cal- 
culate the  ratio  of  electromotive  force,  yon  cau,  calculate  the 
magnetizing  current,  you  can  calculate  the  hysteresis  and  eddy 
current  losses  and  the  ohmie  losses  and  all  the  details,  without 
exception.  That  of  course  constitutes,  as  matter  of  fact,  the 
basis  of  the  paper  to-day.  Mr.  Garter  takes  all  that  for  granted. 
But  the  designing  of  a  transformer  is  a  matter  of  correlating 
these  various  items,  and  I  think  there  can  be  no  question  but 
that  the  design  heretofore  has  been  a  "cut  and  try  ''  method  of 
correlation  and  not  a  rational  method  of  correlation.  Of  course 
it  is  not  a  matter  of  a  single  designer's  beginning  with  Adam 
and  working  his  own  "  cut  and  try  ''  himself.  He  makes  much 
of  the  practice  as  it  exists  at  the  present  day,  which  represents 
the  results  of  all  the  cutting  and   trying  which  has  been  done 
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before  him. .  A  designer  at  the  present  time  perhaps  loses  sight 
of  the  fact  that  the  real  essence  of  his  design  is  "  cut  and  trv," 
because  he  does  not  carrj  out  all  of  the  cutting  and  trying  him- 
self  and  he  is  inclined  to  think  that  his  knowledge  of  the  action 
of  the  transformer  is  what  he  uses  in  designing.  I  think  not.  I 
think  that  he  uses  this  merely  in  calculating  what  the  transformer 
w^ill  do  aft^r  he  has  designed  it.  Then  he  will  design  another 
with  say  two  or  three  more  tunis  of  copper,  and  he  wnl  calculate 
what  that  will  do.  Then  he  will  design  another  with  two  or 
three  more  sheets  of  iron  and  he  will  calculate  what  that  will  do. 
If  that  is  not  cutting  and  trying  I  don't  know  what  cutting  and 
trying  is.  Of  course  I  may  be  mistaken  in  supposing  that  prac- 
tical men  design  transformers  in  that  way.  I  have  designed  a 
good  many  transformers,  but  they  never  were  built,  you  know, 
so  I  canngt  say  anything  from  a  ])ractical  point  of  view. 

I  cannot  withstand  the  desire,  Mr.  President,  to  say  one  thing 
more,  not  in  direct  connection  with  the  subject  in  hand,  but  in 
connection  with  the  remark  which  was  made  by  Mr.  Jackson, 
lie  said  that  college  men  do  not  teach  the  actual  practical  meth- 
ods of  engineering,  and  the  actual  practical  significance  of  the 
various  points  they  take  up.  Now  1  think  that  as  a  rule  no  class 
of  men  understand  better  the  worthlessness  of  what  they  teach 
than  college  men  themselves.  I  think  they  appreciate  the  truth, 
of  a  remark,  if  I  may  be  allowed  to  quote  (xerman — a  remark 
which  occurs  in  (xoethe's   Faust,  where  Mephistopheles  turning 

f;ravely  on  a  student  who  has  just  come  to  confer  with  the  pro- 
essor:  "  Gray,  my  dear  friend,  is  all  theory,  and  green  only  is 
the  tree  of  life." 

Dr.  Pupin: — If  I  may  be  permitted  just  to  say  one  word 
more,  I  would  like  to  su])plenient  the  quotation  that  Professor 
Franklin  has  made  with  reference  to  the  teaching  of  design.^ 
Faust  also  says : 

"  aSV/  musH  ich  deiii  mlt  mm**' in  Sohweus 
.     Euch  lehrn^  ?/yw  U'h  mlhat  nicht  ireisft^'*^ 
which  I  can  translate  for  you  in  English,  but  of  course  not  so  as 
to  produce  Goethe's  classical  rhythm — "And  so  with  the  sweat  of 
my  brow  I  umst  teach  you  what  I  do  not  understand  myself." 

As  far  as  I  can  see,  this  paper  is  just  as  practical  as  it  can  possi- 
bly be.  It  is  limited  to  the  design  of  a  transformer  under  per- 
fectly s])ecified  conditions.  It  does  not  speak  of  the  oil  trans- 
former, because  that  is  a  separate  matter.  I  do  not  see  why  the 
(|uestion  of  enclosing  the  transformer  in  oil  is  any  m(>re  practical 
than  the  subject  that  tiiis  writer  has  discussed.  Everything  is 
])ractical,  but  of  course  we  cannot  take  more  than  a  certain  nnm- 
l)er  of  steps  at  a  time,  and  after  we  have  taken  those  steps  securely 
and  safely  we  can  take  the  next  step.  The  (juestion  of  whether 
we  enclose  the  transformer  in  oil  or  not,  is  no  more  practical 
than  giving  the  transformer  the  proper  dimensions.  A  previous- 
speaker  a<lmits  that  we  consider  also  when  we  take  up  this  ques- 
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tion  of  oil  :   will  not  oil  dropping  from  transformers  hung  upon 

¥Dle8,  on  the  clothes  of  people  bring  the  company  into  difficulties? 
hat  is  a  verj  practical  question,  but  it  is  hardly  within  the 
limits  of  design.  It  brings  in  social  questions  and  legal  questions. 
In  this  connection  it  might  be  well  to  repeat  a  story  told  con- 
cerning a  strange  experience  with  the  experiment  in  conveying 
power  from  Lanffen  to  Frankfort.  The  original  design  was  all 
right,  that  is,  the  engineers  thought  it  was  all  right,  but  they 
found  it  was  all  wrong,  the  thing  would  not  work;  and  when 
they  came  to  examine  it  they  found  that  they  made  a  mistake  in 
making  the  insulators  white,  because  the  little  boys  in  the  iield& 
had  their  attention  attracted  to  those  white  insulators  and  thought 
they  were  good  marks  to  throw  stones  at,  so  they  threw  stones 
at  them  and  broke  them,  and  that  affected  the  whole  plant  and 
caused  a  tremendous  leakage.  The  insulators  were  painted  gray 
and  the  trouble  was  over.  Well,  that  is  hardly  withm  the  limiti^ 
of  designing  conductors  to  transmit  power,  and  yet  it  was  of  vital 
importance.  At  some  date  it  may  be  of  very  great  importanc*e 
to  know  whether  we  should  paint  our  transformers  hung  up  on 
a  pole,  green  or  red  or  gray,  but  if  we  do  it  will  be  owing  to  sume 
psychological  or  perhaps  political  reason.  All  questions  are 
practical,  but  of  course  certain  questions  are  more  directly  within 
the  limits  of  transformer  design  than  others,  and  I  would  not 
blame  Mr.  Carter  for  not  spreading  himself  too  wide.  I  think 
he  has  spread  himself  wide  enough  as  it  is. 

Mr.  Jackson: — I  think  I  ought  to  say  a  word  or  tw^o  more, 
perhaps  ;  Professor  Pupin  has  not  taken  my  meaning.  I  think 
what  I  said  was,  that  this  paper  although  theoretical  was  of  prac- 
tical value.  I  took  issue  with  Professor  Franklin  in  saying  it 
was  not  practical.  I  think  every  figure  in  the  mathematics  used 
in  designing  a  transformer  is  of  practical  value,  and  it  is  an  in- 
teresting fact  that  our  best  transformers  are  based  on  very  care- 
ful and  minute  mathematical  calculations.  I  think  also  that  Mr. 
Carter  developed  his  theories  far  enough  l>ut  why  should  we  not 
apply  them  i  The  theoretical  is  so  intimately  related  to  the 
prUiitical  that  we  must  have  both  to  carry  on  a  really  valuable 
discussion.  Why  must  we  accept  the  mathematics  and  then  drop 
the  discussion  J?  Up  to  within  a  comparatively  recent  time  my 
business  has  been  in  connection  wMth  the  designing  of  trans- 
formers and  generators  and  similar  work,  consequently  I  am  in- 
tensely interested  in  everything  relating  to  these  subjects. 

I  want  to  go  a  step  farther  than  these  discussions  usually  carry 
us  and  ask  this  society  to  help  us  who  are  working  in  practical 
lines  to  more  definite  knowledge.  When  I  am  told  that  a  certain 
transformer  i^  the  one  that  will  completely  satisfy  me  and  I  state 
my  objections  to  it  I  am  not  sure  that  I  am  right.  I  want  such 
information  that  I  can  be  absolutely  certain  that  my  opinions  are 
properly  based. 

I  have  a  very  great  respect  for  our  college  professors  and  their 
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work.  I  think  it  is  to  tliem  that  we  owe  the  fact  that  the  nam- 
T>er  of  well  trained  engineers  is  large,  and  is  constantly  increaa- 
ing.  It  is  up  hill  work  for  a  man  who  has  had  no  technical  train- 
ing to  compete  with  the  college  trained  man.  But  there  ie  one 
thmgin  which  the  college  is  somewhat  wanting,  sutficient  practi- 
cality. As  I  used  to  question  in  my  calculus  class,  where  is  it 
possible  that  the  *' differential  X  "  can  be  used  in  practical  life? 
When  out  of  college  this  question  was  soon  fully  answered  and 
my  only  regret  is  that  I  could  not  realize  its  significance  while 
under  trainmg.  I  believe  more  attention  is  now  given  to  practi- 
cal applications  in  college,  and  our  later  college  graduates  will  be 
prepared  to  surmount  difficulties  that  puzzle  some  of  us  older 
ones,  but  that  will  help  us  but  little,  and  therefore  I  call  upon  our 
society  to  take  up  practical  questions  more  fully  in  connection 
with  the  theoretical. 

Mr.  Walter  S.  Moody  : — As  one  who  is  actively  engaged  in 
every  day  practical  design,  I  would  like  to  make  a  few  remarks. 

First,  I  can  assure  these  gentlemen  who  question  the  amount 
of  use  that  is  made  of  theory  in  every  day  design  of  electrical 
apparatus,  that  as  far  as  my  own  work  is  concerned  all  the  theory 
that  college  men  develop  for  us  finds  ample  use  in  every  day 
practice. 

There  is  no  class  of  electrical  apparatus  designed  to-day,  I  be- 
lieve, by  the  best  companies,  whose  proportions  are  not  just  as 
carefully  analyzed  as  Mr.  Carter's  paper  analyzes  transformer 
proportions.  But,  of  course,  there  are  a  great  number  of  prac- 
tical difficulties  and  considerations  that  modify  the  purely  theo- 
retical formula,  or,  more  correctly  speaking,  our  theoretical 
formula  cannot  be  broad  and  complicated  enough  to  include  all 
the  actual  conditions  presented.  Mr.  Carter's  paper,  for  in- 
stance, while  very  complete  on  the  points  considered,  leaves 
entirely  out  of  consideration  such  essential  facts  as  might 
entirely  overpower  the  importance  of  the  features  which  he  dis- 
<;usses.  Perhaps  the  most  important  factor  which  Mr.  Carter 
does  not  in  any  way  refer  to  is  the  question  of  heating,  and  the 
necessary  radiating  surfaces  to  dispose  of  the  losses  within  the 
transformer.  It  would  be  perfectly  possible  to  apply  the  formulae 
developed  by  Mr.  Carter,  and  which  in  themselves  are  un- 
doubtedly perfectly  correct,  and  yet  obtain  a  design  entirely 
impractical  because  of  the  lack  of  the  necessary  radiating  sur- 
face to  dispose  of  the  heat. 

Again,  Mr.  Carter's  calculations  all  contain  a  constant  which 
he  designates  as  *'jt>,''  and  which  expresses  in  per  cent,  the  rela- 
tion between  the  cross-section  between  the  primary  and  second- 
ary copper  and  the  area  of  the  wire  space.  In  the  calculations 
this  figure  is  assumed,  or  rather  it  seems  to  be  based  on  the 
actual  per  cent,  found  to  express  this  relation  in  the  transformers 
under  consideration.  Of  course,  in  actual  design  this  question 
Las  to  be  given  careful  study  in  order  to  make  the  percentage  as 
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high  as  possible,  and  still  get  the  necessary  insulation  and  the 
best  distribution  of  it. 

What  I  would  like  to  bring  out  is  that  there  is  really  great 
latitude  in  the  choice  of  the  best  proportions  for  transformer 
design.  One  who  has  carefully  figured  the  proportions  of  any 
piece  of  electrical  apparatus,  applying  to  the  design  a  most  care- 
lul  analysis  as  to  its  proportions,  and  who  has  satisfied  himself 
that  he  has  a  most  thoroughly  designed  piece  of  apparatus,  will 
often  be  surprised  and  disappointed  to  find  that  some  one  else's 
design  which  has  been  less  carefully  calculated,  or  perhaps 
worked  out  entirely  by  the  "  cut  and  try"  method,  is,  as  far  as 
its  proportions  are  concerned,  nearly  or  quite  as  good  as  his  own 
carefully  developed  design.  In  other  words,  as  Mr.  Carter  him- 
self points  out  at  the  bottom  of  pwje  667  of  his  paper,  quite 
large  changes  in  the  proportions  ot  the  various  dimensions  of 
the  transformer  designed,  affect  but  slightly  the  final  results 
obtained,  and  consequently  more  practical  considerations  make 
advisable,  or  even  necessitate,  marked  departures  from  the  most 
economical  proportions. 

While  I  nave  not  had  an  opportunity  to  carefully  study  the 
paper,  yet  I  have  hastily  checked  up  some  of  the  proportions 
found  based  on  Mr.  Carter's  study  with  actual  transformers  of 
which  I  know  the  proportions,  and  find  that  these  transformers 
had  dimensions  differing  in  their  relation  some  200  or  3(i0  per 
cent,  from  those  which  the  paper  showed  to  be  the  most  econom- 
ical, yet  these  transformers  are  even  more  efliicient  (considering 
the  value  of  the  material  in  them)  than  the  transformer  which 
Mr.  Carter  develops  to  illustrate  his  formulse.  In  other  words, 
considerations  which  are  in  one  sense  purely  details  of  shop 
practice  or  skill  in  workmanship,  may  modify  the  results  to  sucn 
an  extent  as  to  entirely  outweigh  the  consideration  of  best 
theoretical  proportions, 

Wliile  I  am  speaking,  1  trust  I  may  be  pardoned  for  answering 
one  of  the  more  practical  questions  brought  up  by  Mr.  Jackson. 
I  refer  to  his  question  as  to  the  value  of  the  use  of  oil  in  trans- 
formers. This  is  a  question  which  has  always  been  a  subject  of 
much  discussion,  ana  is  one  which  sometimes  is  almost  as  hard 
for  the  manufacturer  to  settle  as  for  the  users  of  the  trans- 
formers to  decide  upon.  Many  factors  enter  to  determine  one's 
decision  in  this  matter,  but  in  general  it  can  be  safely  said  that 
the  use  of  oil  transformers  has  vastly  increased  in  the  past  few 
years. 

The  question  as  to  just  how  much  the  capacity  of  the  trans- 
former can  be  safely  increased  by  the  use  ot  oil  is  not  one  sub- 
ject to  direct  answer,  because  the  value  of  oil  varies  so  much 
with  different  designs  of  transformers.  Of  course,  we  all  under- 
stand that  oil  acts  in  a  double  manner  in  increasing  the  capacity 
of  the  transformer ;  first,  by  excluding  air,  and  thereby  pre- 
venting oxidation  of  the  insulating  material,  and  consequently 
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increasing  the  temperature  at  which  the  transformer  may  be 
Bafely  operated,  and  secondhand  more  important,  it  acts  as  a  heat 
^conducting  medium  to  carry  the  heat  generated  in  the  trans- 
former to  the  transformer  case.  The  space  between  the  trans- 
former and  the  case  is  small,  and  the  air  within  this  space  con- 
sequently iB  too  confined  to  allow  any  great  amount  of 
<;irculation,  and  therefore  it  acts  as  a  poor  conductor  of  heat. 
Oil  will  move  much  more  freely  under  a  slight  difference  of 
temperature,  or,  perhaps  more  correctly  speaking,  its  specific 
heat  is  so  much  greater  than  that  of  air,  that  even  with  a  slow 
motion  it  acts  much  more  efficiently  in  conveying  heat  to  the 
enclosing  case.  Just  how  much  however  oil  will  increase  the 
safe  capacity  of  a  transformer  can  only  be  answered  for  each 
size  and  design  of  transformer  independently.  A  small  trans- 
former may  not  have  its  capacity  appreciably  increased  by  its 
use,  whereas  a  large  one  lacking  in  radiating  surface  on  the  coils 
Bnd  iron,  but  having  a  large  exposed  surface  in  its  case,  may 
easily  have  its  capacity  doubled,  or  even  trebled  by  the  use  of 
oil. 

Thk  Phesidknt  : — While  we  are  indebted  to  the  author  for 
presenting  to  us  propositions  concerning  the  eflSciency  of  a 
transformer,  which  are  capable  of  analysis  and  application,  it 
Beems  important  to  bear  in  mind  that  these  propositions  are 
necessarily  limited  by  the  conditions  stated  in  their  enunciation, 
and  that  many  other  conditions  must  be  taken  into  account  in 
the  design  and  operation  of  commercial  transformers.  The 
deductions  from  these  propofiitions  probably  require  considerable 
modification  to  suit  diiterent  conditions  of  practice.  Cost,  size, 
weight,  excitation  current,  magnetic  leakage,  regulation  and 
heating,  are  some  of  the  factors  which  must  be  included  in  the 
design  of  a  good  commercial  transformer,  and  the  relation  be- 
tween these  factors  is  so  complex  as  to  elude  a  general  mathe- 
matical formula  of  design.  Consequently,  while  I  do  not  wish 
to  undervalue  the  rules  given  in  the  pa{)er  for  determining  the 
design  of  the  most  efficient  transformer,  it  seems  important  to 
bear  in  mind  that  the  question  of  efficiency  is  not  the  only  one 
which  must  be  considered  in  practice,  and  that  after  all  such 
rules  have  been  taken  into  account,  the  method  of  trial  and 
error  must  always  be  depended  upon  in  arriving  at  the  l>e8t  de- 
sign of  a  transformer  at  the  present  time. 

Mr.  PiuLirpo  Torch lo  : — Mr.  President,  one  point  which  has 
not  received  attention  in  the  discussion  is  on  page  657,  where 
the  author  alludes  to  the  condition  of  work  for  which  the  trans- 
former is  designed.  It  is  very  important  for  the  central  station 
manager  to  get  a  transformer  that  will  be  most  etficient  under 
its  special  conditions  of  use.  The  author  has  in  this  diagram  the 
daily  load  in  amperes  and  also  the  ohmic  t transformer  losses,  pro- 

{)ortional  to  the  square  of  the  amperes.     The  whole  day  ohmic 
osses  represent  a  smaller  or  larger  proportion  of  the  total  trans- 
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former  losBes  according  to  tlie  ii8e  of  the  transformer.  If  the 
transformer  is  ^oing  to  operate  at  full  load,  say  one  hour  a  dav, 
and  be  idle  for  28  hours,  the  ohmic  losses  will  be  compamtively 
small ;  but  if  it  operates  24  hours  a  day  at  full  load,  these  losses 
will  be  large.  Therefore,  from  the  central  station  point  of 
view,  one  transformer  designed  for  a  certain  condition  will  not 
do  as  well  under  another  condition.  I  think  that  this  point  of 
the  load  factor  of  the  transformer  is  worth  considering  in  the 
design  of  transformers.  Of  course,  besides  the  condition  of 
regulation,  the  cost  of  the  transformer  should  also  be  included 
in  the  problem,  together  with  the  cost  of  energy  in  each  special 
case,  as  the  centralstation  can  afford  to  increase  investment  cost 
when  the  coal  and  running  expenses  are  high ;  but  when  these 
are  low,  as,  for  instance,  in  water-power  plants,  the  inducement 
is  to  reduce  investment  cost.  I  think  this  point  of  the  trans- 
former load  factor  brought  out  in  the  paper  is  very  important 
for  the  design  of  the  most  economical  transformer  for  actual 
operation. 

Mr.  F.  V,  Henshaw  : — I  think  the  last  speaker  has  brought 
out  a  very  salient  point  there  in  practical  work,  because  I  should 
rather  imagine  that  most  transformers  are  sold  on  their  no-load 
consumption  of  energy,  because  if  you  get  a  transformer  which 
wastes  very  little  energy  when  the  secondary  is  open,  you  will 
meet  the  conditions  that  probably  at  least  nine  tenths  of  the 
central  stations  have,  and  for  that  reason  it  seems  a  little  signifi- 
cant to  me  that  the  author  finds  the  Westinghouse  transformer 
has  half  as  much  iron  as  the  "  most  economical  design.''  While 
I  have  not  gone  into  the  thing  very  deeply,  it  seems  to  indicate 
that  the  author  is  going  for  full  load  efiiciencies,  rather  than 
minimum  wasted  energy  at  no  load,  and  in  that  case  it  is  some- 
what questionable  whether  the  formula*  which  we  have  every 
reason  to  be  thankful  to  the  author  for  putting  in  such  good 
shape,  could  be  followed  in  practical  work  with  entire  success. 
It  seems  to  me  rather,  from  the  practical  point  of  view  of  selling 
transformers  to  central  stations,  that  we  ought  to  have  one  that 
would  run  with  very  small  light  load  losses  and  very  small 
hysteresis  losses,  while  at  full  load  the  ohmic  losses  might  be 
as  high  as  they  could  possibly  be  made  without  burning  up  the 
insulation.  I  do  not  know  whether  that  is  treating  it  very 
scientifically,  but  it  seems  to  me  it  is  rather  a  practical  way  of 
looking  at  it. 

Mr.  James  IIamwi.et  : — Mr.  President,  I  have  l>een  very  much 
interested  in  the  discussion  this  evening.  I  think  it  has  been 
truly  valuable  in  one  sense  more  than  in  any  other.  Many  of 
us  present  noticed  two  or  three  years  ago  quite  an  undercurrent 
of  criticism  unfavorable  to  the  extreme  mathematicians  of  the 
Institute.  There  has  been,  I  think  some  will  remember,  quite 
a  complaint  coming  to  the  surface,  and  a  great  deal  of  talk  was 
made  that  we  had  too  much  mathematics.     I  want  to  congratulate 
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increaainfi;  tlie  temperature  at  which  the  transf  ,jave  seen  efi- 

«afel.v  operated,  ana  8econd,uid  more  iniportap',i>m]  tlie  extreme 

coiiduchng  ih«lium  to  carr;  the  heat  gen^/jnove  we  adjourn. 

former  to  the  tranaformer  coae.     The  Bjpp  ,AiIjouriie(l.  | 

former  and  tlie  case  ie  small,  and  the  v 

eefinently   ie     too    uonfined    to    ellc  ,  t**^'''^"'^*' 

«in>iilation,  and  therefore  it  aoti  p       gome  of  the  points  that: 

Oil  will  move  much  more  freel'  , -|„  my  paper.     The  ciiiefob- 

temperature,  or,  perhaps  mar  ^''Z metliud  of  design,  is  that  it 

)ieat  is  80  mnch  greater  th»*    ,:Vj, '"practical   tonsidenitionfi,  sucli 

motion  it  acta  mnch  morr    ,;.<'^..A-liii:h,  if  they  were  discussed. 

enclosing  case.     Joat  h       ^'^^tih'-'  f  have  given.     I  should   cer- 

safe  capacity  of  •  tc    ^^  f^j  otiier  qnestionf,  had  it  not  heen 

size  and  derign  of    > ''; '^f^njftliy,  a  fact  wliicli  indnced  me  to 

former  may  not  ",.^-^ivi^„f  itet-liaracteriftic  feature, — the  di- 

use,  whereas  a  '      f'^^'L  a?^^  maxiinnni    etiieiency.     Some  of 

and  iron,  b*"       '^fj'^ite  nieutioned   in   tlio   introduction  and 

easily  hav  A^^tffL  «&«"  «ecoMut  of  hy  the   rnetliod;  othent 

^jil-  ^5'Vw'r  o/ved  i"   the   niaxininin   current   density  as- 

■^'"'     v^VjV'  fhy*e^«'",  it  would  not  he  advisable  to  prescribe 

prw      /VJ/^^ii'iit  rather  to  fjive  their  liniitin);  values;  thus 

tl»         'i^'at^f'^ienkaii^  '"  ""'  excessive,  it  docs  not  nmch  matter 

**        J^Brt^Atfsin.  'f('-iK"*''S  seem  to  lie  quite  at  variance  as  to 

/ff^jfit-  .^Trinn  viiliR'S  flhonld  he.     The  table  given  on  page 

*^i  tl^^per,  eiiftblcB  one  to  see  this  immediately.     The  cost, 

f^of^'ja^o,  of  the  Westinghunae  transformer,  are  less  than 

f^^hfjje  two  tmnsformerw   corresponding  tu  it,  but  of  the 

(ft^  "  (,^,iiiforiiier  tlify  are  greater  than  those  of  its  eorrespond- 

jio^o     'jlie  exciting  currents  lire  pruliably  lesH  in   my  trans- 

iitf '*!a'tl]au  in  the  othei-e;  at  any  rate,  they  convey  less  power, 

A''''"  j,o  load  liwsea  are  lei*8.      The    luagiietic  leakage  will  \m 

**   jpf  ill  the  Westiughoiiflo.  and  less  in  the  Mordey  than  'n  my 

^Tgformern.  for  the  same  subdivision  of  the  iwils.     The  regula- 

ST^ofthe   Westinghouse  will  not   Imj  as  good  as  in  my  trans- 

fDnuera.  whilst  that  of  the  Mordey  will  be  somewhat  better  than 

one  of  mine,  and  hardly  so  good  tut   the  other.     The  radiating 

surface  per  watt,  ia  gri-ater  in  niino  than  in  the   Westinghouse, 

■nd  loss  than  in  the ^lonley.     Although  the  Westinghouse  and 

Moniey  transformers  differ  in  <iul|iut,  tliey  are  neverthelcsi;  two 

ordinary  transformers,  by  well  credited  makers  intended  to  work 

under  alwut  the   same  eonditious.     Their   respective   designers. 

however,   evidently  liad    very   ditfoi-ent    ideas  as  to  the  proper 

values   for  these  supplementary  quant i ties,  so  that  the  im|>ort- 

anco  of  tlie  latter  cannot  be  snthcient  to  render  iisolefs  a  method 

of  (lesign  which  need  not   bring  any  nf  them    into  objectionable 

prominence. 

The  moditicatiiin  of  uiy  method  indicated  by  I'rufessor  Frank- 
lin,— that  of  inclnditig  the  interest  charge  on  the  outlay  among 
the  losses. — is  certainly  the  most  strieutitic  way  of  performing 
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e   design,  but   is  unworkable  on  account  of  its  introdnoing 
ther  variable,  (n),  and  very  much  complicating  the  equations. 
relative  importance  of  the  capital   charge  and   the  wasted 
'  depends  evidently   on  the   proportion  of  time  that  the 
'nier  is  in  circuit,  so  that  if  it  is  always,  or  nearly  always, 
\  the  transformer   of  maximum  efficiency  will  be  very 
cheapest,  as  the  value  of  the  energy  saved,  will  be  of 
rtional  importance  compared  with  the  interest  on  a 
jnce  of  cost.     The  arbitrary  quantity  that  I  have  as- 
che  maximum  current  density, — is  the  one   quantity  to 
.led  in    finding    the    most   suitable   transformer  by   this 
i^iiod,  so  that  I  have  not  entirely  eliminated  the  "cut  and  try" 
*nethod,  but  have  reduced  it  to  the  variation  of  one  quantity.   If 
t:he  maximum  current  density  is  decreased,  the  losses  are  reduced, 
the  radiating  surface  is  increased,  and  the  cost  and  size  are  in- 
creased.    If  we  prescribe  the  cost,  we  can  practically  get  rid  of 
the  "  cut  and  try  "  methods,  by  finding  the   maximum  current 
density  to  use  as  follows : 
We  may  write  the  cost 

A  X  volume  of  iron  -f  ^  X    volume    of  copper,  where  A 
and  B  are  constants. 
This  is  of  the  form 

Abl{a  +  b-\-c)  +  B  ac{2l-{-  ttF^), 

for  a  shell  transformer, — using  the  notation  of  the  paper.  Now 
the  ratios  oi  ab  c  and  /  are  known  with  suflScient  accuracy,  for 
we  may  assume  values  for  the  eddy  current  correction  from 
former  experience.     Thus  the  cost  may  be  written  as  a  multiple 

of  tr*,  or  of  (_M  M ,  and      -  is  a  known  multiple  of   S~^^y  thus 

_3X3fi  27 

the  cost  is  a  known  multiple  of  d    m"*  or  of  d'i^    or    of    ^**. 

Hence  an  equation  of  the  form  d~^'^  =  a  known  quantity,  gives 
us  5,  —  the  maximum  current  density  to  be  used.  Of  course  it 
is  not  suggested  that,  as  soon  as  the  dimensions  are  found  bv  the 
methods  mdicated,  the  transformer  should  be  made  without 
further  consideration.  Particularly  it  should  be  seen  that  the 
radiating  surface  18  sufficient  to  dissipate  the  greatest  continuous 
loss  of  energy.  If  the  maximum  current  density  be  such  as  to 
make  the  cost  of  the  transformer  a  prescribed  amount,  and  if  the 
prescribed  cost  be  about  that  of  a  good  commercial  transformer 
of  the  type  and  output  required,  the  radiating  surface  will,  I 
think,  be  generally  found  sufficient.  The  maximum  current 
density  required  to  make  as  cheaply  as  possible  a  transformer  de- 
signed in  this  way,  which  shall  have  not  less  than  a  certain 
amount  of  radiating  surface  per  watt  wasted  at  full  load,  might 
be  found  as  follows.  Assuming  that  wo  can  approximately 
estimate,  from  former  experience,  the  ratio  of  the  eddy  to  the 
ohmic  loss,  (the  so-called  eddy  current  correction,)  we  may,  tak- 


712  CARTER  ON  DK8I0N  OF  TRANSFORMKRS        [Nov.  23, 

those  present,  Mr.  President,  on  the  fact  that  we  have  seen  evi- 
dence to-night  of  some  harmony  of  feeling  between  the  extreme 
mathematicians  and  the  practical  engineers.     I  move  we  adjourn. 
[The  motion  was  carried  and  the  meeting  adjourned.] 

[Reply  Communicated  by  the  Author.] 

I  will  endeavor  brieflv  to  reply  to  some  of  the  points  that 
have  been  raised  in  the  discussion  on  my  paper.  The  chief  ob- 
jection that  has  been  made  to  my  method  of  design,  is  that  it 
does  not  take  account  of  certain  practical  considerations,  such 
as  the  cost,  the  exciting  current,  etc.,  which,  if  they  were  discussed, 
might  render  useless  the  formulae  I  have  given.  I  should  cer- 
tainly have  gone  into  these  and  other  questions,  had  it  not  been 
that  the  paper  was  already  lengthy,  a  fact  which  induced  me  to 
limit  it  to  the  consideration  of  its  characteristic  feature, — the  di- 
rect method  of  design  to  give  maximum  efficiency.  Some  of 
the  points,  however,  are  mentioned  in  the  introduction  and 
shown  to  be  implicitly  taken  account  of  by  the  method;  othenv 
are  more  or  less  involved  in  the  maximum  current  density  as- 
sumed. In  general,  however,  it  would  not  be  advisable  to  prescribe 
these  quantities,  but  rather  to  give  their  limiting  values;  thus 
if  the  magnetic  leakage  is  not  excessive,  it  does  not  much  matter 
what  it  is.  Again,  designers  seem  to  be  quite  at  variance  as  to 
what  these  limiting  values  should  be.  The  table  given  on  page 
679  of  the  paper,  enables  one  to  pee  this  immediately.  The  cost, 
weight,  and  size,  of  the  Westinghouse  transformer,  are  less  than 
those  of  the  two  transformers  corresponding  to  it,  but  of  the 
Mordey  transformer  they  are  greater  than  those  of  its  correspond- 
ing two.  'I'he  exciting  currents  are  probably  less  in  my  trans- 
formers than  in  the  others ;  at  any  rate,  they  convey  less  power, 
as  the  no  load  losses  are  less .  The  magnetic  leakage  will  be 
greater  in  the  Westinghouse,  and  less  in  the  Mordey  than  in  my 
transformers,  for  the  same  subdivision  of  the  coils.  The  regula- 
tion of  the  Westinghouse  will  not  be  as  good  as  in  my  trans- 
formers, whilst  that  of  the  Mordey  will  be  somewhat  better  than 
one  of  mine,  and  hardly  so  good  as  the  other.  The  radiating 
surface  per  watt,  is  greater  in  mine  than  in  the  Westinghouse,. 
and  less  than  in  the  Mordey.  Although  the  Westinghouse  and 
Mordey  transformers  differ  in  output,  they  are  nevertheless  two 
ordinary  transformers,  by  well  credited  makers  intended  to  work . 
under  about  the  same  conditions.  Their  respective  designers, 
however,  evidently  had  very  different  ideas  as  to  the  proper 
values  for  these  supplementan^  quantities,  so  that  the  import- 
ance of  the  latter  cannot  be  sufficient  to  render  useless  a  method 
of  design  which  need  not  bring  any  of  them  into  objectionable 
prominence. 

The  modification  of  my  method  indicated  by  Professor  Frank- 
lin,— that  of  including  the  interest  charge  on  the  outlay  among 
the  losses, — is  certainly  the  most  scientific  way  of  performing 
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the  desi^,  but  is  unworkable  on  account  of  its  introducing 
another  variable,  (n),  and  very  much  complicating  the  equations. 
The  relative  importance  of  the  capital  charge  and  the  wasted 
energv  depends  evidently  on  the  proportion  of  time  that  the 
transformer  is  in  circuit,  so  that  if  it  is  always,  or  nearly  always, 
in  circuit,  the  transformer  of  maximum  efficiency  will  be  very 
nearly  the  cheapest,  as  the  value  of  the  energv  saved,  will  be  of 
great  proportional  importance  coro pared  witn  the  interest  on  a 
small  difference  of  cost.  The  arbitrary  quantity  that  I  have  as- 
sumed,— the  maximum  current  density,— is  the  one  quantity  to 
be  varied  in  finding  the  most  suitable  transformer  by  this 
method,  so  that  I  have  not  entirely  eliminated  the  "cut  and  try" 
method,  but  have  reduced  it  to  the  variation  of  one  quantity.  If 
the  maximum  current  density  is  decreased,  the  losses  are  reduced, 
the  radiating  surface  is  increased,  and  the  cost  and  size  are  in- 
creased. If  we  prescribe  the  cost,  we  can  practically  get  rid  of 
the  "cut  and  try  "methods,  by  finding  the  maximum  current 
density  to  use  as  follows : 

We  may  write  the  cost 

A  X  volume  of  iron  -f  ^  X  volume  of  copper,  where  A 
and  B  are  constants. 

This  is  of  the  form 

A  hi  {a  -\-  h  -{-  6)  +  B  ac  {%  I  -]-  n  H^), 

for  a  shell  transformer, — using  the  notation  of  the  paper.  Now 
the  ratios  oi  ah  c  and  /  are  known  with  sufficient  accuracy,  for 
we  may  assume  values  for  the  eddy  current  correction  from 
former  experience.     Thus  the  cost  may  be  written  as  a  multiple 

of  tr*,  or  of  (_M  M ,  and  -  -  is  a  known  multiple  of   S~^^y  thus 

the  cost  is  a  known  multiple  of  3    «.4  *  or  of  d  i  e    or    of    ^**. 

Hence  an  equation  of  the  form  S~^'^^  =  a  known  quantity,  gives 
us  5,  —  the  maximum  current  density  to  be  used.  Of  course  it 
is  not  suggested  that,  as  soon  as  the  dimensions  are  found  bv  the 
methods  mdicated,  the  transformer  should  be  made  without 
further  consideration.  Particularly  it  should  be  seen  that  the 
radiating  surface  is  sufficient  to  dissipate  the  greatest  continuous 
loss  of  energy.  If  the  maximum  current  density  be  such  as  to 
make  the  cost  of  the  transformer  a  prescribed  amount,  and  if  the 
prescribed  cost  be  about  that  of  a  good  commercial  transformer 
of  the  type  and  output  required,  the  radiating  surface  will^  I 
think,  be  generally  found  sufficient.  The  maximum  current 
density  required  to  make  as  cheaply  as  possible  a  transformer  de- 
signed in  this  way,  which  shall  have  not  leys  than  a  certain 
amount  of  radiating  surface  per  watt  wasted  at  full  load,  might 
be  foimd  as  follows.  Assuming  that  we  can  approximately 
estimate,  from  former  experience,  the  ratio  of  the  eddy  to  the 
olunic  loss,  (the  so-called  eddy  current  correction,)  we  may,  tak- 
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ing  account  of  the  relation  i?  —  0.8  J7+  jF,  write  the  full  load 
loss,  —  i?niax  +  //  +  ^,  —  Bs  a  multiple  of  the  maximum  ohmie 
loss,  (^^otm)-  This  quantity  varies  as  the  volume  of  the  copper, 
and  as  the  square  of  the  maximum  current  density,  or  as  (r  S^y 
using  the  notation  of  the  paper.  The  area  of  the  radiating  sur- 
face varies  as  o^,  so  that  tne  energy  dissipated  per  unit  area  of 
surface  is  a  known  multiple   oi  c^  S^  -r-  c^  or  oi  c  8^^  or  of 

^«.4,  (since c  varies  as  5^^),  or  of  8  ^^  or  d^*^.    If  we  put  this 
dissipation  equal  to  the  maximum  value  allowed,  we  shall  have  d 

given  bv  an  equation  of  the  form  8^^=  a  known  quantity.  This 
will  make  8  as  great,  and  c  as  small,  as  w%  can  permit  it  to  be. 
Thus  wo  can  make  either  the  cost  or  the  heating  determine  the 
transformer, — and  these  are  the  chief  extreme  limitations.  Wc 
see  from  this  that  the  cost,  weight,  size  and  heating  are  implicitly 
involved  in  the  maximum  current  density  assumed. 

I  have  not  yet  had  an  opportunity  of  seeing  Prof.  BedelPs 
work  on  the  best  thickness  of  core  plates,  but  it  anyone  will  fro 
to  the  trouble  of  calculating  the  losses  for  two  transformers  hav- 
ing the  same  sized  core,  the  same  thickness  of  core  insulation, 
and  the  copper  circuits  the  same  in  all  respects,  he  will  find  the 
advantage  for  efficiency  is  with  that  having  the  thinner  plates,  a 
point  brought  out  in  the  table  on  page  679  of  the  paper. 

Mr.  Henshaw  is  wrong  in  supposing  I  am  going  for  full  load 
efficiencies,  or  for  minimum  wasted  energy  at  no  Toad  either,  but 
rather  for  minimum  all  day  waste  of  energy,  a  point  which  I 
wished  to  bring  out  very  clearly  in  the  paper,  and  am  sorry  if  I 
have  left  it  liable  to  be  misunderstood.  I  may  point  out,  that, 
though  my  transformer  has  twice  the  iron  of  the  Westinghouse, 
it  has  less  no-load  loss. 

In  conclusion  I  should  like  to  take  this  opportunity  of  thank- 
ing the  members  for  considering  my  paper,  and  Professor 
Franklin  for  the  trouble  he  has  taken  in  presenting  it. 

[COMMUNICATKU  AT^TEK  ADJOURNMENT  BY  DlGALD  C.  JaCKSON.] 

The  burden  of  the  discussion  of  Mr.  Charters  paper  on  "  The 
Design  of  Transformers "  which  is  pul)li6hed  in  the  November 
issue  of  the  Transactions,  is  home  by  university  teachers  ;  and 
the  direction  of  the  discussion  naturally  drifts  into  an  expression 
upon  methods  of  teaching.  There  are  so  many  university  teach- 
ers of  electrical  engineering  who  are  not  willing  to  subscribe  to 
the  discussion  brought  out  by  the  paper,  that  it  seems  desirable 
to  add  something  thereto. 

As  a  further  introduction  to  mv  remarks  I  desire  to  sav  that 
papers  of  the  style  of  the  one  before  us  appeal  to  me  as  offering 
much  of  value,  and  the  Institite  is  to  be  congratulated  upon 
receiving  Mr.  Carter's  presentation.  On  the  other  hand,  it 
appears  to  me  that  the  professors  who  entered  into  the  discussion 
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placed  too  much  weight  upon  the  immediate  influence  that  such 
mathematical  dissertations  may  carry  in  engineering  matters,  and 
the  author  himself  appears  to  press  his  conclusions  too  far.  The 
cost  element  seems  to  have  been  entirely  omitted  from  consider- 
ation in  the  paper,  and  it  does  not  appear  to  enter  into  the  prop- 
ositions for  teaching  the  theory  and  practice  in  transformer 
design  that  are  presented  in  the  discussion.  But,  such  an 
omission  cannot  be  reconciled  witii  the  requirements ;  since  the 
scientiflc  and  financial  elements  must  equally  enter  into  engineer- 
ing design.  We  are  often  told  that  finances  are  not  within  the 
province  of  the  engineer ;  but  upon  that  reef,  it  is  safe  to  assert, 
ruin  has  come  to  many  excellent  proposals. 

In  my  view,  the  importance  of  the  cost  element  should  be 
borne  in  upon  engineering  students  with  a  force  equal  to  that 
given  the  presentation  of  the  applied  science  involved.  In  apply- 
ing the  forces  of  nature  to  the  welfare  of  man,  the  cost  element 
is  often  of  paramount  importance ;  and,  indeed,  one  of  the  prin- 
cipal differentiations  between  a  scientist  and  the  engineer  lies  in 
the  fact  that  the  latter  must  add  to  his  store  of  science  a  due 
appreciation  of  the  force  of  time,  money,  and  human  nature 

I  am  forced  to  strongly  dissent  from  the  attitude  taken  by  Dr. 
Pupin  in  his  remarks  that  are  set  down  in  the  upper  half  of 
page  702.  In  my  view — and  I  think  this  view  will  be  upheld 
by  the  great  majority  of  successful  engineers  whether  they  are 
in  teaching  or  m  practice, — the  teacher  who  has  charge  of  in- 
struction in  such  a  matter  (for  illustration)  as  the  theory,  con- 
struction, and  use  of  transformers  should  have  at  least  a  reason- 
able knowledge  of  the  usual  practice  in  designing  the  appliances, 
and  it  is  simply  misguiding  an  inexperienced  student  to  send  him 
uncautioned  to  sucn  a  paper  as  the  one  under  consideration. 
Design  doubtless  is  "dreadfully  uninteresting"  as  a  "mere  scien- 
tific study,"  hut  as  an  engiru^erlng  study  it  -is  of  ahsorhirig  inter- 
est and  exceeding  importance.  True,  it  does  bring  in  "  social 
questions,"  but  this  adds  to  the  interest.  And  it  is  of  the  utmost 
importance  that  engineering  students  shall  give  thought  to  social 
questions,  as  these  are  matters  of  the  greatest  importance  to  the 
profession. 

I^ter  remarks  by  Dr.  Pupin,  I  must  equally  dissent  from,  as 
also  from  a  portion  of  Professor  Franklin's  remarks.  Engineer- 
ing students  must,  indeed,  be  taught  science  in  a  thorough  man- 
ner in  order  that  they  may  be  properly  prepared  for  their  pro- 
fession ;  for  every  well  trained  engineer  clearly  understands  that 
all  knowledge  in  pure  science  in  every  branch  ultimately  comes 
as  grist  to  his  mill.  But  there  must  be  mingled  with  the 
science  proper  instruction  in  common-sense  and  practice. 

Mr.  Carter  has  set  forth  what  appears  to  be  a  very  valuable 
law  on  page  641,  which  I  will  state  a  little  differently  from  the 
way  he  has  pui  it :  i.  ^.,  //*  the  core  of  a  transformer  of  given 
output  has  been  fixed  in  diinensiovs^  then^  In  order  to  make  the 
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energy  wasted  annually  j  bear  a  minimum  percentage  to  the  fixed 
annual  out/put^  the  number  of  turns  of  wire  in  the  coils  must  he 
such  as  to  make  the  annual  copper  loss  equal  to  the  sum  of  the 
a/nnuul  eddy-current  loss  ana  .8  of  the  annual  hysteresis  loss. 
After  a  transformer  design  has  been  worked  out  so  that  it  comes 
within  the  commercial  requirements  for  costs,  regulation,  core 
and  copper  losses,  insulation,  etc.,  an  application  of  this  law  may 
doubtless  be  made  to  show  whether  any  changes  may  be  made 
with  advantage  in  the  proposed  winding.  Even  in  this  limited 
application  there  is  dimculty,  since  the  annual  load  factor  of  the 
ordinary  transformer  is  entirely  unknown,  and  judgment  and 
experience  in  engineering  must  usurp  the  place' oi  the  scientiiic 
law  which  is  thus  relegated  to  the  place  of  a  suggestive  pointer. 
In  the  case  of  special  transformers  designed  for  specific  use  this 
limitation  in  the  applicability  of  the  law  need  not  exist.  As,  for 
instance,  the  conditions  of  operations  for  transformers  for  a 
plant  such  as  is  proposed  by  Mr.  Wagner  for  St.  Louis  may  be 
determined  with  considerable  certainty  in  advance  of  the  design- 
ing, and  Mr.  Carter's  law  may  be  usefully  applied  as  a  guide  to 
the  betterment  of  any  proposed  design. 

The  unfortunate  effect  of  pressing  tlie  analysis  further  than  is 
here  indicated,  with  the  object  of  determining  the  most  efficient 
design  for  a  special  purpose,  is  shown  by  Mr.  Carter's  chosen 
illustrations.  We  will  consider  the  Westinghouse  6  k.w.  trans- 
former. This  is  a  transformer  of  fair  capacity  and  perhaps  of  a 
reasonably  recent  date,  though  transformers  of  twice  the  output 
built  today  do  not  have  core  losses  much  exceeding  those  set 
down.  In  his  computations  based  upon  this  transformer  Mr. 
Carter  assumes  an  annual  load  factor  which,  I  venture  to  say, 
was  beyond  the  thought  of  the  designer  of  a  stock  transformer. 
If  we  use  such  an  annual  load  factor  as  may  be  reasonably  antici- 
pated, to  apply  to  this  transformer  when  placed  on  a  finely 
planned,  economical  central  station  distributing  system,  as  we 
understand  the  terms,  the  extra  cost  of  operating  the  commercial 
design  as  compared  with  Mr.  Carter's  first  modification  might 
amount  to  between  §1.50  and  $3.00  per  year.  On  the  other 
hand,  Mr.  Carter's  design  raises  the  first  cost  of  the  transformer 
so  much  that  a  reasonable  increase  in  the  fixed  charges  for  this 
transformer  on  account  of  his  design  is  from  $1.50  to  $2.00  per 
year.  Thus,  on  the  whole,  no  essential  gain  is  brought  about  bv 
the  modification.  Mr.  Carter's  second  modification,  in  whicK 
thinner  plates  are  proposed,  makes  a  less  favorable  showing. 

The  fault  in  Mr.  Carter's  argument,  which  is  shown  above, 
comes  entirely  from  pressing  his  pure  analysis  too  far,  where  the 
engineering  conditions  demand  e(iual  consideration  from  the  side 
of  science  and  the  side  of  commerce. 

There  is  a  point  in  Mr.  Carter's  valuable  ])aper  that  I  must 
regret  That  is  his  systematic  use  of ''ohmic  loss"  as  synony- 
mous with  copper  or  resistance  loss.     This  use  of  the  phrase  is 
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the  Datnral  result  of  adopting  the  term  '^  ohmic  drop  '^  as  syn- 
onymous with  resistance  or  conductor  drop.  The  use  of  the 
word  "  ohmic  "  in  either  case  appears  to  be  unfortunate.  The 
impedance  of  a  circnit  is  measured  in  ohms  and  therefore  the  fall 
of  pressure  through  the  circuit  may  be  said  to  be  "  ohmic",  as 
may  also  either  the  reaction  or  resistance  drops  be  said  to  be 
"  ohmic  ".  And  the  term  "  ohmic  ",  therefore,  does  not  distinct- 
ively apply  to  true  resistance.  Neither  does  it  distinctively 
apply  to  waste  of  power  due  to  the  resistance  of  conductors;  as, 
for  instance,  if  we  measure  by  some  means  the  power  lost  in  a 

transformer  and  divide  the  watts  by  current*  we  get  an  equiv- 
alent resistance,  R^  which  is  in  terms  of  ohms,  and  tne  total  loss, 
/*/?,  may  be  called  "  ohmic  "  with  just  as  much  propriety  as  the 
simple  copper  loss,  J^R^  where  R  is  the  electrical  resistance. 

Univereity  of  Wisconrin, 
Madison.  Wis.,  Feb.  11,  1809. 


AMERICAN  INSTITUTE  OF  ELECTRICAL 

ENGINEERS. 


New  York,  December  28th,  1898. 

The  130th  meeting  of  the  Institute  was  held  this  date  at  12 
West  31st  Street,  and  was  called  to  order  by  the  Secretary. 

The  Secretary  : — I  received  a  telegram  to-day  from  President 
Kennelly  who  is  in  Detroit.  He  hoped  to  be  able  to  be  with  us 
to-night,  but  was  delayed,  and  in  his  absence  Mr.  Lieb,  one  of 
the  Managers,  will  preside. 

Mr.  Lieb  took  the  Chair  and  called  upon  the  Secretary  to  make 
announcements. 

The  Secretary  read  the  following  names  of  associate  members 
elected  at  the  meeting  on  this  date  of  the  Executive  Committee. 

Name.  Address.  Endorsed  by 

Allan,  John  Full  Partner,   H.  H.  Kingsbury  &    Jas.S.  Fitzmaurice 

Co.,   54   Margaret  St.,   Sydney,     Gustave  Fischer. 
N.  S.  W.  Eugene  Griffin. 

Bellman,  John  Jacob   Electrical       Engineer,       Crocker-    Gano  S.  Dunn. 

Wheeler  Electric  Co.;  residence,    F.  K.  Vreeland. 
90  King  St.,  New  York.  F.  V.  Henshaw. 

Cbowell,  Robinson       Electrical  Tester,  General  Electric    A.  L.  Rohrer. 

Co. ;  residence,   72   Washington    D.  C.  Jackson. 
Ave.,  Schenectady,  N.  Y.  C.  F.  Burgess. 

Dates,  HenrtB.,  Professor  of  Electrical  Engineering    Chas.  R.  Cross. 

and  Physics,  Clarkson  School  of    Win.  L.  Puffer. 
Technology,  Potsdam,  N.  Y.  F.  N.   Waterman. 

FiNNBT,  John  C,  Cashier,  Wisconsin  Trust  Co. ;  resi-    A.  S.  Hibbard. 

dence,   34   Prospect  Ave.,    Mil-    D.  McF.  Moore, 
waukee,  Wis.  R.  W.  Pope. 

Gladson,  Wm.  N.,  Professor  of  Electrical  Engineering,    Chas.  F.  Scott. 

Arkansas  Industrial  University,     B.  J.  Arnold. 
Fayetteville,  Ark.  '       B.  F.  Thomas. 

Hildburoh,  Leo  Walter    Student,  Columbia  University;    G.  F.  Sever. 

residence,   1    West  80th  Street,    D.  R.  Lovejoy. 
New  York.  W.  A.  Anthony, 
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ASSOCIATE  MEMBERS  ELECTED. 


[Dee.  d8, 


HoDOB.  William  B., 


Oi,  Saitaeo 


Tnro,  FkanoisB., 


Wood,  Aethue  J., 


Electrical  Engineer,  Elmer  G. 
Willyoung  &  Co. :  residence,  707 
Spruce  St.,  Philadelphia,  Pa. 

Chief  Engineer  to  the  Bureau  of 
Telegraphs,  The  Ministry  of 
Communications.  16  Kamitomisa- 
kachOyKoishikawa,  Tokyo,  Japan. 

Manager.  Eastern  Engineering  Co., 
New  York ;  residence,  Crawford, 
N.J. 

Associate  Editor,  Railroad  Oautte, 
83  Park  Place,  New  York ;  resi- 
dence, 163  Washington  Park, 
Brooklyn,  N.  Y. 


Jas.  G.  Biddle. 
E.  G.  Willyoung. 
W.  M.  Stine. 

John  J.  Carty, 
H.  F.  Thurber. 
Geo.  A.  Hamilton. 

H.  C.  Cushing.  Jr. 
T.  D.  Bunce. 
C.  W.  Rice. 

W.  E.  Geyer. 
C.  J.  Field. 
Joseph  Wetzler. 


Total  11. 


Th»  Chairman: — (J.  W.  Lieb,  Jr.)  We  are  to  be  favored 
this  eyeniDg,  gentlemen,  with  a  lecture  by  Mr.  Arthur  A. 
HamerBchlag,  on  the  ''  Education  of  Electrical  Apprentices  and 
Jonnieymen." 


A  /a/rr  prntnttd  ai  ik*  t30ik  Mttiing  0/  iki 
American  iHsiHute  of  EUctrical  Engintgrsy 
New  York^  Dectmbrr  aP,  t6Q8.  Manager  J,  W. 
LUb^Jr,  in  ike  Ckair. 


THE  EDUCATION   OF  ELECTKICAL  APPRENTICES 

AND  JOURNEYMEN. 


BY    ARTHUR   A.    HAMER8CHLAO. 


I  am  leaving  to  a  certain  extent  the  beaten  path  of  precedent 
by  giving  the  Institute  a  lecture  on  a  subject  which  is  neither 
pure  science  nor  engineering.  It  is  because  of  the  importance 
of  the  subject  and  the  influence  it  will  exert  on  the  future  of  the 
electrical  industry  that  I  have  been  bold  enough  to  broach  it.  I 
do  so  with  the  hope  that  some  agitation  and  discussion  will  point 
out  a  solution  of  a  problem  which  becomes  of  more  vital  impor- 
tance each  year : — That  of  securing  the  necessary  skilled  me- 
chanics requisite  to  the  execution  of  electrical  engineering  works 
in  a  satisfactory  and  efficient  manner. 

The  world  has  watched  with  startled  eyes  the  rapid  and  far- 
reaching  strides  the  young  electrical  industry  has  made,  and  the 
numerous  fields  in  which  electricity  has  entered.  Scarcely  a 
decade  has  passed  since  the  industry,  with  justice,  was  called  an 
infant.  From  a  total  investment  of  a  few  thousand  dollars,  it 
has  to-day  grown  to  such  proportions  that  it  would  be  impossible 
to  compute  with  accuracy  the  value  of  the  various  industries  in 
which  electricity  plays  a  prominent  part.  It  is  almost  as  difficult 
to  assimilate  the  figures  of  value  in  their  proper  proportion  as  it 
is  to  define  the  widening  field  they  hav^e  developed  for  skilled 
electrical  labor.  From  an  industry  that  gave  employment  to  a 
few  hundred  men,  in  a  decade  it  has  expanded  until  to  day  it 
demands  the  services  of  tens  of  thousands  of  men  devoting  their 
services  exclusively  to  this  work.  It  has  also  demanded  men  of 
intelligence  of  a  comparatively  high  order,  well  equipped  with 
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mechanical  skill.  That  we  have  made  such  astonishing  progress 
is  remarkable,  but  not  nearly  so  wonderful  as  that  we  "have  found 
in  the  past,  men  in  sufRcientlj  large  numbers  capable  of  devising, 
developing  and  manufacturing  electrical  products  on  a  market- 
able basis. 

Should  another  generation  And  a  proportional  increase  in  the 
demand  for  electrical  products  and  operations  (and  the  prospects 
are  good  for  such  an  increase)  shall  we  be  equally  fortunate  in 
finding  the  skilled  men  necessary  ?  Is  it .  just  as  certain  these 
men  will  be  found  ?  It  is  the  doubt  that  the  condition  will  be 
so  easily  mastered  that  has  given  me  the  courage  to  speak  to  you 
to-night  on  this  subject. 

The  birth  of  an  industry  is  not  the  most  potent  factor  in  de- 
termining its  development ;  it  needs  the  nourishment  and  care  of 
those  engaged  in  it  to  enable  it  grow  to  maturity.  With  its 
growth  it  must  develop  and  nurture  the  individuals  upon  whom 
it  most  depends.  Merit  alone  will  not  enable  it  to  be  perpetuated 
and  put  upon  a  successful  basis  unless  it  is  capable  of  placing  its 
raw  material  in  the  hands  of  skilled  workers  upon  whom  absolute 
dependence  can  be  placed. 

It  is  to  develop  this  most  essential  factor  of  future  success 
that  I  believe  it  time  that  we  give  a  thought  to  meeting  the  com- 
ing demand  by  educating  the  apprentices  and  journeymen  to 
that  point  which  will  make  it  possible  for  our  boldest  conceptions 
in  electro-technics  to  be  ^kilfullv  and  economicallv  solved. 

As  we  draw  near  the  closing  days  of  the  century — a  hundred 
years  pregnant  with  progress  and  events,  none  is  more  notable 
in  the  world  of  science  than  electricjil  achievements.  A  thought 
and  a  backward  glance  will  show  American  supremacy  in  this 
field.  In  order  however  to  retain  this  supremacy  we  cannot 
afford  to  rest  content  with  the  laurels  we  have  won,  else  they 
will  be  wrested  from  us. 

The  old  world  has  given  us  excellent  mechanics  through  its 
apprenticeship  system :  unfortunately  even  in  those  countries 
that  system  is  dying  out.  This  country  has  never  had  a  well- 
deTelopedapprentico8hi[)  system,  and  to-day  it  has  almost  entirely 
disappeared  because  of  the  |)eculiar  restrictions  placed  thereon  by 
the  unions  and  associations,  and  the  centralizations  of  the  work 
under  single  financial  heads,  paying  men  by  the  hour  or  day, 
leading  employees  to  shift  from  place  to  place  as  the  demand  for 
their  services  varies  from  busy  to  dull  times.    In  fact  to-day  the 
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apprenticeship  system  is  almost  impossible  for  financial  and  other 
reasons,  so  we  must  devise  some  other  means  of  educating  the 
youth  who  wishes  to  eilter  the  electrical  field. 

It  is  true  that  three  or  four  of  the  largest  electrical  concerns 
do  apprentice  young  men  but  the  number  is  comparatively  small, 
and  it  requires  considerable  influence  to  secure  such  indentures. 
The  number  of  applicants  is,  however,  out  of  all  proportion  to 
the  number  that  can  be  accommodated,  and  such  openings  are 
almost  entirely  out  of  the  reach  of  the  vast  majority  because  of 
isolated  location. 

Electrical  work  as  a  trade  and  as  a  profession  is  now  under- 
going the  same  trials  and  tribulations  regarding  educational 
meaii£  that  other  trades  and  professions  have  undergone  in  the 
past,  except  that  the  problem  in  the  electrical  industry  owing  to 
its  rapid  growth  is  of  vastly  greater  urgency.  Because  of  this 
growth  along  scientific  and  mechanical  lines,  improvements  suc- 
ceed improvements  so  rapidly  that  what  was  considered  good 
practice  yesterday  becomes  obi*o]ete  and  defective  to-morrow. 
The  men  are  mechanics  who  but  a  few  years  ago  handled  cleats 
and  mouldings  in  wiring,  but  are  to-day  asked  to  use  iron  pipe 
and  conduit  requiring  entirely  different  tools,  materials  and 
methods.  And  where  do  these  men  acquire  the  [efficiency  and 
facility  for  this  work  ?  They  acquire  it  in  the  crudest  and  most 
wasteful  method  possible,  by  experimentally  using  their  employ- 
ers' material,  and  at  his  expense  in  the  time  during  which  he  is 
compelled  to  pay  for  skilled  labor.  These  improvements  cer- 
tainly result  in  the  loss  of  the  journeymen's  efficiency,  and  result 
in  "rule  of  thumb"  mechanics.  This  type  of  mechanic  is  to  be 
found  in  all  trades,  and  sometimes  he  is  exceptionally  skilled  in 
his  work  and  thus  causes  a  tendency  on  the  part  of  employers  to 
desire  more  of  hilu  or  men  like  him,  especially  when  he  is  placed 
side  by  side  with  the  so-called  theoretical  mechanic  who  lacks 
the  skill. 

The  fallacy  of  this  reasoning  is  at  once  apparent  when  the 
"  rule  of  thumb  "  mechanics  come  in  competition  with  the  well 
grounded  and  educated  mechanics  who  possess  an  equal  amount 
of  skill.  Then  the  efficiency  of  the  latter  is  so  much  greater,  that 
there  can  be  no  comparison.  Oftentimes  we  meet  men  with  such 
a  vast  preponderance  of  theoretical  training,  that  it  has  removed 
the  inherent  practical  skill,  and  this  type  of  journeyman  is  almost 
useless  when  judged  from  the  working  standpoint.     This  latter 
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condition  is  not  a  rare  one  by  any  means  and  ju8t  a  few  words 
concerning  it  may  be  appropriate. 

A  glance  over  a  list  of  our  numerous  educational  institutions 
causes  us  to  feel  proud  of  our  achievements  in  this  line.  In  al- 
most every  settlement  or  city  throughout  the  country,  some  school, 
college  or  university  is  supported  upon  as  lavish  a  scale  as  one 
could  desire.  Endless  seem  the  opportunities  which  the  young 
American  has,  to  acquire  the  learning  and  higher  education  which 
are  prized  and  cherished  in  the  world  to-day.  We  have  schools 
for  every  conceivable  purpose;  we  have  colleges  and  universities 
for  every  profession,  and  we  have  technical  institutions  almost 
unmatched  in  eflSciency.  But  we  have  only  a  very  few  practical 
trade  schools,  and  for  the  education  of  electrical  mechanics,  fewer 
still.  And  yet,  in  which  field  can  we  utilize,  at  present  and  iu 
the  future,  the  greatest  number  of  skilled  men.  In  the  engineer- 
ing branch  or  in  the  skilled  labor  branch  ?  The  answer  must  ob- 
viously be  in  the  latter.  Still,  parents  will  persist  in  sending 
their  children,  regardless  of  their  inherent  qualities,  to  the  col- 
leges and  universities  to  master  a  profession  without  giving  a 
thought  to  the  field  in  which  their  future  labors  must  be  con- 
ducted, without  considering  the  compensation  they  will  receive. 
And  what  is  the  result  ?     There  can  be  only  one  general  reply. 

After  years  of  study  and  much  money  spent  in  acquiring  the 
profession,  and  an  early  association  with  children  of  wealth  and 
refinement,  the  born  mechanic  becomes  ruined  for  the  sake  of 
posing  as  a  genius,  or  a  great  engineer.  The  field  for  mediocre 
engineers  is  just  as  narrow  and  confined  as  it  is  for  the  mediocre 
artist,  and  the  compensation  for  his  labor  is  correspondingly  cur- 
tailed. As  a  result,  when  the  young  man  is  thrown  on  his  own 
resources,  he  must  suffer  that  genteel  poverty  which  his  training 
in  refined  circles  has  bound  him  to.  He  can  no  longer  look  with 
pride  upon  the  work  of  his  hands,  and  his  brain  power  being  but 
the  average  he  suffers  acutely,  and  eventually  becomes  neither 
an  excellent  mechanic  nor  an  excellent  engineer. 

Each  year  the  colleges  and  universities  are  sending  into  the 
world  large  numbers  of  young  men,  who  after  years  of  work, 
take  the  title  of  *'  Electrical  Engineer."  How  many  of  these 
will  ever  have  an  opportunity  to  do  any  genuine  electrical  engin- 
eering. How  many  of  them  are  destined  never  to  earn,  in  the 
electrical  line,  $1,000  or  so  a  year,  the  pay  of  a  skilled  mechanic. 

For  every  single  opening  for  an  electrical  engineer,  there  are 
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a  hundred  openiDgs  for  the  skilled  journeyman,  and  for  every 
sacc^essful  engineer  there  are  a  hundred  successful  journeymen. 
And  to  be  a  journeyman  does  not  mean  to  be  debarred  from 
engineering. 

Who  have  made  the  notable  inventions,  who  have  carried  out 
the  greatest  engineering  problems  if  Not  the  trained  engineer, 
but  the  journeymen  who  have  started  at  the  bottom  and  by  their 
individual  efforts  raised  themselves  to  the  highestlevel.  "  By 
their  deeds  ye  shall  judge  them,"  is  true  of  men,  whether  they 
have  been  educated  up  to  a  high  standard  or  not,  and  self  training 
is  often  the  more  effective. 

The  compensation  for  skilled  electrical  labor,  such  as  journey- 
men bring  into  the  market,  has  been  on  the  increase,  it  will  con- 
tinue to  increase,  and  in  an  unfair  degree  unless  employers  think 
in  time  of  a  method  of  supplying  the  increasing  demand,  or  of 
making   the  labor  which  is  offered,  worth  the  increase,  in  results 

achieved. 

Every  new  electrical  e(juipment,  each  railroad  equipped  elec- 
trically, and  each  industry  which  depends  on  electricity,  is  taking 
some  of  our  skilled  men  from  the  open  market  and  retaining 
them  permanently,  and  confining  their  energy  to  maintaining 
such  equipment. 

Whence  will  come  the  men  to  replace  these  defections.  Has 
no  one  a  solution  to  offer  as  to  the  best  way  of  replenishing  the 
supply  ?  Many  methods  of  solving  this  problem  have  been 
tried,  some  of  them  without  proper  consideration  of  the  case. 

Some  have  been  the  education  of  journeymen  in  other  trades, 
such  as  carpenters,  draughtsmen,  etc.,  by  means  of  actual  exper- 
ience during  their  employers'  time,  a  poor  means  at  best,  and 
which  places  the  burden  directly  on  the  shoulders  of  the  employ- 
ers, while  the  resultant  mechanic  leaves  much  to  be  desired  in  all 
around  efficiency. 

Oftentimes  untried  vouno:  men  with  the  desire  to  be  electrical 
artisans  attend,  in  a  desultory  fashion,  popular  lecture  courses, 
witness  a  few  experiments  in  static  and  galvanic  electricity  and 
find  them  of  such  interest  that  even  though  they  possess  little  or 
no  qualifications,  and  have  been  educated  and  trained  for  other 
lines  they  determine  to  make  electricity  their  life  work.  Their 
methods  of  securing  the  necessary  instruction  is  usually  a  so-called 
apprenticeship  in  a  shoj)  manufacturing  some  article,  which  in 
itself  gives   them   comparatively   little   instruction   and    which 
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makes  them  eventuallj  skilled  in  hand  work  without  giving  them 
any  breadth  of  training,  and  merely  enables  them  to  till  the 
position  of  a  simple  automatic  machine. 

Sometimes  they  read  electrical  lectures  and  trade  papers,  in 
many  instances  finding  themselves  v^ery  much  at  sea  because  of 
the  technical  character  of  the  papers  and  articles,  which  their 
previous  training  has  done  nothing  to  enable  them  to  understand. 

Sometimes  as  a  final  resort  they  become  recipients  of  the  train- 
ing offered  by  correspondence  schools,  and  these  schools  are  cer- 
tainly gathering  an  ever  increasing  clientele  which  their  merit 
justifies. 

In  very  rare  instances  they  attend  by  far  the  best  and  most 
modern  form  of  securing  this  training,  and  that  through  the  trade 
school.  There  are  however  such  a  very  few  of  the  latter  institn- 
tions  in  spite  of  their  acknowledged  merit,  and  they  are  so  little 
known  that  only  a  very  small  percentage  of  the  number  who 
wish  to  become  electrical  craftsmen  can  reap  their  benefits. 

The  superiority  of  the  trade  school  for  educating  and  equip- 
ping young  men  for  trade  work  is  so  vastly  superior  to  any  other 
form  of  ac(juiring  the  result,  that  to  it  in  th^  future  must  we 
look  to  solve  this  very  serious  problem.  Foreign  countries  have 
realized  this  fact  for  many  years  and  profited  by  it.  Is  it  not 
time  that  this  progressive  country  began  to  realize  it  also  and  to 
stimulate  and  support  such  institutions?  They  certainly  are 
bound  to  spring  into  existence,  and  those  that  exist  and  have  an 
honorable  record  are  bound  to  improve  that  record,  and  it  is  bat 
a  question  of  time  when  intelligent  thinkers  must  give  them 
their  proper  place  and  dues. 

It  has  been  my  good  fortune  to  have  been  connected  with 
trade  schools  for  some  years,  notably  with  the  New  York  Trade 
School,  St.  George's  Evening  Trade  School  of  New  York,  and 
the  Highland  Falls  Trade  School  of  Highland  Falls,  New  York. 
They  have  taught  me  a  lesson  which  1  hope  to  profit  by  in  the 
future,  not  alone  concerning  the  electrical  industry  but  concern- 
ing many  trades.  It  is  a  lesson  however  which  applies  in  an 
equal  measure  to  them  all,  and  that  is  that  tmde  schools  have  an 
equally  high  aim  and  purpose  as  comj)ared  with  any  educational 
institution  in  the  country.  That  their  Held  cannot  be  covered  in 
any  other  way,  and  if  they  were  accorded  the  same  support  and 
encouragement  by  the  fraternity  and  the  public  that  other  edu- 
cational institutions  receive,  their  eilect  and  beneficent  infiuence 
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would  be  as  widespread,  if  not  felt  in  even  a  greater  degree, 
because  of  the  class  which  tliey  aim  to  assist. 

It  seems  strange  to  me  that  trade  schools  should  be  subject  to 
such  marked  indifference  by  the  employers,  and  by  such  intense 
persecution  and  criticism  by  the  fraternity  which  they  aim  to 
assist,  merely  because  of  the  possible  future  competition  their 
graduates  will  cause  when  they  have  come  to  the  journeyman's 
estnte. 

Was  there  ever  a  scientific  institution  aiming  at  higher  educa- 
tion, a  medical  college,  a  law  or  an  art  school,  but  received  the 
support  and  endorsement  of  the  leaders  of  the  respective  pro- 
feMions,  if  its  object  was  not  to  make  money,  but  to  benefit  the 
respective  branches? 

Are  the  prominent  lawyers,  physicians,  the  artist  or  the  men 
of  any  other  profession  less  free  from  the  thought  of  future  com- 
petition than  the  journeymen  and  the  employer,  that  the  latter 
should  be  found  wanting  in  that  which  tends  to  advance  his  pro- 
fession ? 

The  governing  societies,  the  trade  associations  and  the  em- 
ployers' associations  must  eventually  see  the  wisdom  of  the  trade 
schools,  and  perhaps  when  they  realize  the  necessity  for  them 
and  are  compelled  to  support  them,  they  will  indefed  see  the 
error  of  their  ways. 

A  society  like  the  American  Institute  of  Electkical  Engin- 
eers, whose  members  comprise  a  very  large  number  of  the 
engineers  engaged  in  electrical  enterprises,  can  do  much  to  bring 
this  problem  before  the  men  of  their  line,  and  can  materially  as- 
sist in  a  solution  of  this  problem  of  so  much  importance  to  the 
welfare  of  the  electrical  industry.  The  vouth  of  the  country  im- 
bued  with  the  desire  to  become  electricians  will  force  their  way 
in,  and  the  inevitable  is  bound  to  occur.  These  young  men  will 
eventually  enter  the  field  of  their  choice.  Why  not  help  them 
and  encourage  them  to  enter  under  the  best  conditions  and  high- 
est possible  standard,  instead  of  leaving  them  to  drift  in,  un- 
equipped, inefficient  and  lacking  in  essential  requirements.  Is  it 
not  the  best  for  them  to  live  up  to  the  studies  exacted  by  skilled 
artisans  in  other  lines,  so  that  they  can  not  only  become  self- 
reliant  and  successful,  but  reflect  credit  on  the  fraternity  to  which 
they  have  given  their  allegiance. 

Trade  schools  have  in  the  past  done  much  to  assist  young  men 
to  acquire  the  rudiments   of   trades   in    other  lines ;   they   have 
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tended  to  raise  the  standard  of  the  individuals  styling  themselves 
helpers  and  journeymen,  hy  showing  the  capacity  of  the  beginner, 
and  they  have  put  the  highest  premium  on  skill  and  efficiency. 

What  I  wish  to  impress  most  seriously  on  my  hearers,  is  that 
this  question  of  educating  apprentices  and  journeymen,  bears  a 
vital  and  urgent  relation  to  the  future  success  or  failure  of  an 
industry  in  which  we  all  feel  commendable  pride. 

The  New  York  Trade  School,  owing  to  the  far-sightedness 
and  philanthropy  of  its  founder  Col.  R.  Tylden  Auchmuty,  has 
been  in  the  field  to  remedy  this  coming  dearth  of  skilled  mechanics 
and  the  crowding  out  of  our  home  industries  of  the  native  bom 
American  workers  by  foreign  skilled  labor.  Aided  by  the  munifi- 
cence of  Mr.  J.  Pier  pout  Morgan  and  other  gentlemen,  it  has  been 
able  CO  broaden  its  scope  until  to-day  it  ranks  as  the  pioneer  and 
largest  trade  school  in  the  country.  With  its  six  thousand 
graduates  it  has  demonstrated  its  utility  and  shown  the  way  to 
those  who  wish  to  follow. 

Three  years  ago  it  took  cognizance  of  the  electrical  situation 
and  immediately  established  a  thoroughly  practical  course  for 
electrical  workers,  which  became  at  once  an  assured  success, 
filling  the  class  room  to  its  fullest  ca[)acity  and  having  a  waiting 
list  of  young  men  eager  to  enter  the  classes. 

The  first  year  the  class  numbered  thirty-two.  The  second 
year  a  large  department  was  opened  and  fifty  were  accommodated, 
and  still  the  waiting  list  continued  to  be  as  large.  This  year 
fifty  are  again  at  work  and  fully  that  number  were  turned  away. 

The  course  is  thoroughly  prac»tieal  because  nothing  is  taught 
which  is  not  done  bjr  the  students  themselves  and  tested  and 
proved  before  acceptance. 

This  year  a  course  for  journeymen  workers  in  the  form  of 
practical  lessons  will  be  established.  Its  success  is  problematical, 
but  should  it  show  any  signs  of  growth  and  interest  it  may  lead 
to  future  results  w^hich  cannot  fail  to  be  of  interest  to  the  whole 
electrical  fraternity. 

The  lantern  slides  show  the  classes  at  work  and  a  few  samples 
of  work,  but  give  but  a  vague  impression  of  the  school,  which  all 
members  of  the  Institute:  are  cordially  invited  to  visit. 
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Discussion. 

The  Chairman  : — Gentlemen,  1  think  we  have  all  been  very 
much  interested  in  Mr.  Hamersclilag's  address,  treating,  as  it  does 
a  subject  which  has  not  heretofore  been  discussed   by  the  Insti- 

TUTK. 

It  seems  to  me  that  Mr.  Hamerschlag  has  sounded  a  timely 
note  in  calling  attention  to  the  great  demand  which  the  growth 
of  the  electrical  industry  is  making  upon  the  labor  market,  and  the 
desirability  of  training  young  men  to  be  satisfactory  and  efficient 
electrical  workers  This  subject  comes  home  to  many  of  us  who 
have  had  to  meet  the  difficult  problem  of  developing  an  efficient 
force  to  handle  electrical  work,  and  after  listening  to  Mr.  Hamer- 
schlag's  interesting  address  we  shall  be  better  prepared  to  give 
institutions  of  the  character  described  by  him  our  cordial  support 
and  co-operation.  I  think  the  subject  is  an  extremely  important 
one  and  well  worthy  of  your  careful  consideration.  I  see  we 
have  with  us  this  evening  a  number  of  members  who  have  done 
effective  work  along  parallel  educational  lines,  and  we  should  be 
glad  to  have  them  favor  us  with  any  remarks  which  the  topic 
under  discussion  may  suggest. 

Mb.  Joseph  Wktzlkk  : — I  believe  Mr.  Hamerschlag  has 
stated  his  points  so  forcibly  that  a  corroboration  of  his  remarks  is 
scarcely  necessary.  If  we  want  to  look  for  the  right  course  to 
pursue  in  the  education  of  men  in  strictly  trade  lines,  I  think, 
Germany  presents  the  best  example  which  the  world  affords. 
It*  present  commercial  supremacy  is  certainly  due  to  what  the 
Germans  call  their  '*Gewerbcschulen,"  which  are  pure  and  simple 
trade  schools.  Nearly  every  important  industry  in  Germany  has 
its  trade  school,  from  which  it  graduates  young  men  who  are 
able  to  take  up  intelligently  the  work  of  that  particular  trade. 

It  is  only  within  a  day  or  two  that  I  had  occasion  to  read  the 
report  of  one  of  our  Consuls  to  the  State  Department  at  Waj^hing- 
ton,  in  which  he  mentions  the  results  achieved  by  those  German 
schools.  He  refers  |)articularlv,  however,  to  the  report  made  by 
an  English  commisi-ion  which  liad  been  sent  over  to  study  the  in- 
dustrial education  problem  in  Germany.  I  take  the  following 
quotation  from  the  Consular  Report. 

"  Under  such  mental  and  manual  training,  with  steadily  im- 
proving machinery,  a  class  of  higiily  intelligent  workmen  has 
been  developed  which  in  their  several  lines  are  nowhere  sur- 
passed, if  equaled.  This  is  true  to  such  an  extent,  that  a  commis- 
sion of  Englishmen,  which  had  been  sent  to  Germany  to  inspect 
and  report  on  German  industry,  lately  delivered  a  report  at 
Manchester  in  which  they  stated  that,  compared  with  tliese  in- 
telligent, skilful  and  frugal  German  workmen,  the  English  factory 
hands  were  like  semi-savages."' 

That  we,  in  the  United  States,  have  got  to  come  to  the  same 
thing  there  can  be  no  doubt.  All  who  have  had  occasion  to  work 
in  engineering  shops,  as  I  have  had  myself,  will  have  noticed  the 
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large  proportion  of  foreign  workers,  especially  Germans,  Swedes, 
and  the  like,  ^ow,  that  process  of  drawing  our  skilled  mechan- 
ics from  abroad,  cannot  go  on  forever.  The  time  must  come  when 
we  must  produce  tliem  ourselves,  and  the  trade  school  or  the 
manual  training  school  is  the  school  which  must  produce  them. 
We  have  begun  that  work  in  a  small  way ;  the  school  that  Mr. 
Hamerschlag  just  described  is  a  very  promising  example  of  the 
kind,  and  there  are  others  growing  up.  I  dare  say  that  inside  of 
twenty-five  years  there  will  hardly  be  a  city,  making  any  preten- 
sions to  being  up  to  the  times  in  this  country,  which  will  not  con- 
tain its  trade  school. 

I  do  not  wish  to  say  anything  against  the  trades  unions ;  they 
have  their  good  points,  no  doubt.  But  to  my  mind  one  of  the 
weak  points  in  their  system  is  the  manner  in  which  they  dis- 
courage the  taking  and  training  of  apprentices.  Mr.  Hamer- 
schlag's  illustration  of  the  Horse  Shoers'  Union  is  a  casein  point. 
Five  years  is  probably  not  too  long  a  time  for  any  young  man  to 
learn  a  trade  properly.  Indeed  earlier  in  many  of  the  arts,  it 
was  absolutely  necessary  to  require  a  boy  to  work  five  years. 
But  as  a  matter  of  fact  to-day  you  cannot  get  the  avei'age  boy  to 
stay  five  years  as  an  apprentice,  and  bind  himself  by  a  written 
agreement,  as  was  formerly  th(B  case,  lie  wants  to  get  at  results 
quicker  than  that.  His  refuge,  therefore,  will  be  to  go  to  some 
trade  school,  like  the  Auchmuty  school  here  in  New  York. 

As  to  the  establishment  of  a  trade  school  adapted  to  the  wants 
of  the  electrical  worker,  I  do  not  see  why  the  Institute  cannot 
take  up  this  subject.  I  do  not  mean  to  say  that  it  should  be  the 
founder  of  such  a  school,  but  it  can  be  of  great  service  in  starting 
a  movement  in  that  direction.  I  believe  the  subject  discussed  by 
Mr.  Hamerschlag  is  of  such  importance  that  it  ought  not  to  be 
allowed  to  pass  by  without  some  action  on  the  part  of  this 
Institute.  Just  what  action  ought  to  be  taken  I  am  not  pre- 
pared at  this  moment  to  state.  l>ut  I  think  it  well  worthy  the 
attention  of  the  Council. 

The  Chairman  : — The  report  to  which  Mr.  Wetzler  refers  as 
having  been  made  by  a  committee  of  the  Manchester  Council  as 
the  result  of  a  visit  to  (iermany  by  a  commission  delegated  by  it, 
is  a  document  which  has  attracted  much  attention.  The  report 
caused  a  great  deal  of  discussion  in  English  producing  centers, 
as  it  pointed  out  that  England  had  not  kept  pace  wnth  Germany 
in  developing  trade  schools  for  the  training  of  intelligent  labor. 
The  committee  visited  in  Germany  particularly  the  prominent 
centers  of  textile  industry,  and  it  was  evidently  much  impressed 
with  the  opportunities  offered  to  young  men  in  the  trade  schools, 
enabling  them  to  become  thoroughly  familiar  with  all  the 
branches  of  the  textile  industry,  and  although  the  report  seemed 
to  cast  a  reflection  on  the  lack  of  attention  which  had  been  given 
in  England  to  the  subject  of  trade  schools,  it  has  had  the  healthy 
effect  of  bringing  this  matter  prominently  before  th«  public  and 
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«tirring  up  a  discuseiou  of  the  desirable  methods  of  remedying 
what  is  evidently  a  serious  weakness  in  the  development  of 
British  industries. 

Mr.  Edward  P.  Thomi»son  : — In  reference  to  the  point  about 
the  education  of  mechanics  in  Germany,  I  had  a  little  experience 
in  connection  with  the  Singer  Manufacturing  Company,  where 
in  my  early  days  of  vacation  at  IStevens,  I  thought  I  would  like 
to  put  myself  in  that  position,  and  learn  something  about  practi- 
cal mechanics.  I  was  in  the  tool  room  where  there  were  lathes 
■and  diflFerent  kinds  of  machines  for  doing  work  from  drawings. 
1  noticed  that  every  man  in  that  place  was  a  German.  Every 
man  in  that  place  had  been  educated  as  a  mechanic  in  Germany. 
1  could  not  nnd  one  who  was  educated  for  that  work  in  America. 
And  they  seemed  to  he  interested  in  me.  Frem  curiosity  they 
asked  me  how  much  1  had  to  pay  to  come  there  to  learn  how. 
Of  course  they  could  not  help  but  notice  how  I  made  the  holes 
too  large  in  the  little  cranks  for  the  sewing  machine,  how  I 
broke  one  or  two  of  the  lathes,  etc.  Thev  wanted  to  know  how 
much  I  paid.  I  told  them  that  the  company  paid  me,  and  they 
were  very  much  surprised,  because  they  said  they  had  to  pay  $100 
a  year  for  two  or  three  years  to  learn  how  to  do  these  things.  I 
have  often  thought  that  the  way  in  which  artisans  and  mechanics 
are  taught  in  America  is  a  very  loose  way.  The  training  is 
gained  by  accident,  by  rough  experience,  and  by  doing  a  great 
deal  of  harm  in  places  where  the  learner  is  first  engaged  to  work. 
Sometimes,  we  hear  about  too  many  people  being  educated  for 
electrical  engineers  and  professional  men.  1  think  one  of  the 
reasons  is  that  many  boys  are  not  really  fit  to  become  engineers 
in  the  future,  and  really  are  adaptecl  to  become  mechanics  or 
artisans,  but  have  had  no  suitable  trade  schools  to  go  to.  Of  course, 
the  next  thing  is  to  apply  to  some  technical  school  with  a  proba- 
bility of  not  even  being  able  to  get  into  the  freshmen  class.  So 
that  I  appreciate  very  much  the  work  that  our  lecturer  is  doing 
and  that  others  aredoinij  in  that  direction,  in  forwarding  the  in- 
terests of  all  kinds  of  schools  for  educating  those  who  are  to  do 
hand  work  as  distinguished  from  head  work. 

Mr.  HAMEK8C'iiLA(i  : — I   would   like  to  sjiv  in  relation  to  the 

%■' 

remarks  of  my  predeces^^or,  that  one  of  the  most  remarkable 
things  I  have  found  in  connection  with  electrical  work  and  the 
utilization  of  men,  in  conversation  with  them,  asking  them  what 
they  were  before  they  became  electrical  workers,  that  it  has  been 
the  rare  exception  that  1  have  met  a  man  who  claimed  that  he  had 
€ver  had  any  electrical  instruction.  It  ha.^  always  been  the  case  that 
he  had  either  been  a  car])enter  or  a  draughtsman,  or  worker  in 
6ome  other  line.  In  asking  him  how  he  happened  to  become  a 
member  of  the  electrical  fraternitv,  he  would  state  that  there  was 
the  field  where  he  got  the  most  money  for  the  leastjwork,  to  which 
I  replied  that  I  agreed  with  him,  judged  by  thestandard  of  the  New 
York  mechanic.    Very  frequently  1  have  asked  ^' Why  haven't  you 
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done  something  to  improve  your  knowledge  of  electricity  since 
you  have  become  a  member  of  the  fratemity'if  "  And  the  reply 
would  be  "  It  is  not  necessary  for  me  to  know  anything  more 
than  I  do  know.  I  can  do  any  work  given  to  me  ";  always  fall- 
ing down,  however,  when  the  work  was  given  to  him.  It  seems 
to  mo  that  it  is  essential  to  open  the  eyes  of  the  journeyman  to 
the  fact  that  to  become  an  electrical  artisan  he  must  be  just  as 
well  trained  as  to  become  a  tool-maker.  As  I  said  in  my  address, 
there  is  now  a  new  form  of  education  for  those  who  are  con  lined 
to  remote  districts,  who  wish  to  improve  themselves,  and  that  is 
by  means  of  correspondence.  How  effective  that  is,  the  future 
will  show.  But  in  speaking  to  men  connected  with  the  Scranton 
Correspondence  School  and  the  Electrical  Engineer  Correspond- 
ence Institute,  I  have  become  convinced  that  they  are  doing 
effective  work.  Personally,  I  have  not  had  enough  experience  to 
be  certain  of  it.  But  nidging  from  reports  and  hearing  from 
men  who  have  engaged  under  this  correspondence  instruction, 
they  are  certainly  receiving  some  benefit.  It  now  remains  for 
us  to  establish  a  sufficient  number  of  institutions  such  as  Germany 
has,  in  order  to  develop  these  two  lines  of  education,  those  study- 
ing at  home,  and  those  that  come  and  take  practical  lessons. 
Then  we  wilt  be  able  to  depend  in  tlie  future  upon  e.xcellent 
mechanics. 

The  Secretary,  [K.  W.  Pope]  :— I  had  the  pleasure  of  visiting 
the  New  York  Trade  School,  a  few  days  ago,  and  one  thought  that 
came  up  in  connection  with  it  was,  that  while  it  was  very  good, 
there  was  not  enough  of  it.  This  school,  large  as  it  is,  yet  so  small 
compared  with  the  city,  and  so  nmch  smaller  compared  with 
the  country,  is  turning  away  young  men  who  are  not  able  to  join 
the  classes.  This  is  to  my  mind,  a  reflection  upon  our  educa- 
tional system.  I  have  felt,  and  I  presume  many  others  will  agree 
with  me,  that  one  of  the  principal  reasons  why  more  young  men 
are  not  educated  as  mechanics  is  on  account  of  the  social  prejudice 
against  mechanical  work.  I  would  probably  have  made  a 
pretty  fair  mechanic  in  various  lines  myself,  if  I  had  had  an 
early  training.  My  mother  thought  I  ought  to  be  a  bookkeeper. 
I  never  became  one,  and  what  little  knowledge  I  have  of  book- 
keeping I  picked  up  in  the  railroad  and  telegraph  service.  Since 
this  school  on  the  east  side,  referred  to  by  the  speaker,  taught 
the  trade  of  telegraphy,  1  suppose  I  can  stand  accused  of  bemg 
an  electrical  meclianic  in  that  line,  although  it  is  not  usually  con- 
sidered a  trade.  It  has  always  been  a  source  of  pleasure  to  me 
that  I  learned  telegraphy  and  that  I  am  able  to  practice  it  to-day, 
and  earn  my  living  at  it.  And  right  here  is  where  it  appears 
to  me  that  a  great  mistake  is  made,  that  people  do  not  realize 
that  young  men  when  they  learn  a  trade,  if  they  have  the 
necessary  qualifications  for  progress,  will  either  go  higher 
in  that  line,  or  their  experience  may  open  up  another  coarse 
for    them.       I    have    yet    to    see   the  man   who  having  fi.r8t 
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learued  a  trade,  whatever  liis  position  might  be  in  after  life, 
was  not  proud  of  being  able  to  do  something  that  showed  that  he 
was  skilled  in  some  particular  line — a  skilled  craftsman.  I  was 
riding  through  a  city  one  day  with  a  master  mason,  and  he 
pointed  out  t(»  me  the  different  houses  that  he  had  either  built  or 
worked  on.  I  said  to  him  then,  that  I  thought  it  was  a  source  of 
gratiKcation  to  a  man  through  life  that  he  could  point  to  actual 
works  of  construction  that  were,  as  you  may  say,  monuments  to 
his  skill,  and  1  think  that  such  a  feeh'ng  prevails  in  every  line  of 
mechanical  progress.  1  have  a  friend,  the  son  of  a  neighbor  of 
mine,  who  went  through  this  New  York  Trade  School  in  the 
plumbing  department,  and  he  is  the  only  boy  in  the  neighborhood 
out  of  perhaps  half  a  dozen,  who  actually  learned  a  trade.  He 
went  to  this  trade  school  and  is  considered  a  skilled  w-orkman. 
One  of  the  astonishing  things  about  it  is,  wlieu  we  consider  these . 
old-time  apprenticeships  of  five  and  seven  years,  that  a  young 
man  will  go  to  one  of  these  trade  schools  and  master  some  of  the 
arts  in  a  few  months,  because  lie  is  taught,  although  1  am  told 
that  when  graduated  they  are  considered  merely  apprentices. 
His  time  is  not  occupied  in  sweeping  out  in  the  morning,  going 
out  after  beer,  and  doing  all  the  rough  work  in  connection  with 
the  establishment  for  a  year,  or  perhaps  being  kicked  around  and 
prevented  from  learning,  rather  than  aided.  Another  point  in 
regard  to  education  that  1  think  is  worthy  of  consideration,  is 
that  before  the  beys  arrive  at  the  period  when  they  realize  the 
social  prejudice  against  mechanics  they  should  be  given  in  the 
way  of  play,  if  you  please,  some  mechanical  work,  as  a  diversion, 
and  to  relieve  them  from  brain  work,  and  vou  would  find  them 
glad  to  devote  their  time  to  building  water  wheels  or  boats,  mak- 
ing their  own  toys  instead  of  buying  them,  as  is  generally  the 
case  at  present. 

If  a  mechanic  is  at  work  in  the  city,  within  view  of  passers-by, 
you  will  frequently  see  a  crowd  of  men  and  boys  watching  the 
operation,  as  if  they  enjoyed  seeing  the  mystery  of  mechanical 
skill,  as  much  as  though  they  had  paid  to  see  a  show.  In  one  of 
those  *'Notes  about  town"  appearing  in  a  daily  paper,  it  was  stated 
that  when  a  man  was  seen  knocking  a  hole  through  a  plate-glass 
window  to  put  in  a  whirling  ventilator,  it  would  draw  more  peo- 
ple than  a  dog  fight.  I  spoke  of  the  early  training  of  the  boys, 
giving  them  these  different  trades  to  amuse  themselves,  you  might 
say,  because  it  has  another  practical  bearing,  revealing  one  of 
the  most  diflicult  problems  a  parent  has  to  confront  in  the  case 
of  boys,  and  that  is  ascertaining  what  particular  trade  they  are 
adapted  for.  Frequently  boys  come  to  us  who  are  determined  to 
learn  about  electricity.  I  have  wondered  what  this  same  class  of 
boys  did  before  we  had  any  electric  work,  and  trades  were  com- 

Earatively  few.     It  is  dittieult  to  tell  wliat  a  boy's  bent  is  unless 
e  is  a  natural  mechanic.     A  boy  wlio  has  a  mechanical  turn  of 
mind  will  generally  show  it  by  getting  hold  of   a   hammer,  and 
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perhaps  doing  as  my  brother  did,  driving  the  front  door  step  full  of 
nails.  He  did  not  become  a  carpenter  after  that  but  probably 
would,  if  he  had  been  trained.  His  son  became  quite  an  efficient 
carpenter  in  a  manual  training  class,  but  is  now  a  traveling  dry- 
goods  salesman.  If  we  could lind  out  a  little  earlier  than  we  do,, 
what  a  boy  is  adapted  for,  and  give  him  a  chance  to  shift,  in 
case  he  took  up  the  wrong  trade,  we  might  save  valuable  time  in 
the  future ;  when  he  arrives  at  yeare  of  discretion,  and  spends 
four  or  five  years  of  his  valuable  time  in  tinding  out  that  he  is  doing 
something  that  he  is  not  fitted  for.  I  made  inquiry  at  the  New 
York  Trade  School  in  regard  to  this  point.  It  it  found,  that 
boys  take  a  notion  that  they  want  to  learn  some  one  trade,  and 
after  they  get  there  and  try  it  a  little  while,  they  make  up  their 
minds  they  would  rather  not  learn  that  trade,  and  change  to 
something  else.  These  are  (juite  important  points,  and  the  whole 
question  is  a  very  large  one.  1  was  very  glad  to  hear  from  Mr. 
Wetzler  in  regard  to  the  (terman  system,  because  I  think  that 
where  we  have  an  example  to  go  by,  it  is  well  to  profit  by  it,  and 
there  is  little  doubt  that  in  this  respect  the  German  schools  are 
far  in  advance  of  any  other  country. 

Mr.  Hamerschlag's  reference  to  the  fact  that  electrical  workers 
are  frequently  drawn  from  other  trades,  as  carpenters  and 
draughtsmen,  reminds  me  that  wiremen  were  perhaps  first  gen- 
erally recruited  from  the  carpenter's  trade  about  1873,  by  my 
brother,  Henry  W.  Pope,  at  that  time  (reneral  Superintendent  of 
the  American  District  Telegraph  Co  in  this  city.  He  saw  that 
ordinary  linemen  were  not  well  trained  in  the  matter  of  doing 
neat  work  about  buildings  and  found  hy  experience  that  for  the 
simple  construction  of  that  day  it  was  easier  to  make  a  good  wire- 
man  out  of  a  carpenter,  than  to  teach  the  existing  craftsman  how 
to  make  a  neat  job  of  running  wires,  especially  in  exposed  work. 

Mr.  Wktzlek: — Mr.  Chairman,  one  has  a  natural  hesitancy 
about  speaking  of  work  with  which  one  is  directly  connected,^ 
and  I  feel  some  delicacy  in  speaking  about  the  subject  of  c<.)rre- 
spondence  schools  which  Mr.  Hamerschlag  adverted  to.  But 
tnere  is  no  question  in  my  nun<l  that  one  of  the  great  aids  to  the 
young  apprentice  who  cannot,  by  any  possibility,  attend  a  school 
such  as  Mr.  Hamerschlag  described  to  us  to-night,  is  the  corre- 
spondence school.  How  many  young  men  that  are  now  growing 
up  in  trades  are  so  situated  that,  even  if  such  a  school  existed, 
they  could  attend  it  ^  I  should  say  that  the  proportion  is  no 
greater  than  that  which  now  exists  between  the  men  that  are 
graduates  of  colleges  in  the  United  States,  and  those  who  are  not; 
that  is,  about  1  to  100.  For  them,  it  appears  to  me,  there  is  no 
other  way  of  securing  that  theoretical  training — when  I  say 
theoretical,  I  do  not  mean  impractical,  but  rather  the  mental 
training,  supplementary  to  their  daily  work,  which  is  absolutely 
necessary  to  make  them  intelligent  workers.  I  say  this  from  ex- 
perience.    This  experience  which  is  fortified  by  the  testimony  of 
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huiidrede  of  letters,  convinces  me  that  the  only  way  in  which  99 
out  of  100  budding  electrical  workers  can  be  reached  to-day  is  by 
means  of  the  correspondenci?  schools. 

The  Chairman  : — I  know  that  it  has  done  me  good  to  have 
been  here  this  evening,  as  it  will  enable  me  in  the  future  to  re- 
ply more  satisfactorily  to  the  numerous  applications  for  advice 
which  I  receive  from  fathers  and  relatives  as  to  what  they  should 
do  with  their  boys.  It  is  usually  the  ease  that  the  boy  has  a 
mechanical  turn  of  mind;  puts  up  electric  bells  and  burglar 
alarms  about  the  house,  showing  a  fondness  for  mechanical  pur- 
suits, and  each  fond  father  feels  that  he  has  in  his  home  a  born 
genius — an  Edison,  who  needs  only  the  opportunity  tq  develop 
splen<lid  latent  talent.  I  must  say  that  I  have  often  been  at  a  loss 
as  to  what  counsel  to  give  in  such  cases.  The  parents  are  in 
most  cases  unable  to  send  their  l)oys  to  the  higher  technical 
schools,  and  in  pointing  out  the  possibilities  which  the  electrical 
industries  open  to.  young  men,  they  feel  satisfied  that  this  is  the 
line  which  they  would  have  their  boy  follow.  The  difficult 
question  immediatelv  follows  as  to  how  tlie  bov  mav  ol)tain  a 
start,  and  Mr.  Hamerschlig's  address  this  evening  will  go  far 
toward  enabling  me  to  satisfactorily  meet  this  cjuestiun.  I  hope,' 
however,  that  it  mav  not  have  the  oiTect  of  increasing  the  great 
difficulty  Mr.  Haraerschlag  already  experiences,  in  satisfactorily 
meeting  tlie  applications  for  admission  to  the  trade  school. 

In  regard  to  the  correspondence  schools,  the  question  has 
often  been  asked  me  as  to  their  efficiency  and  the  extent  to 
which  young  men  were  ])rofiting  by  the  advantages  which  they 
offered.  The  company  with  which  I  am  connected,  employing  a 
number  of  young  men,  is  of  course  an  excellent  field  from  which 
to  recruit  students  for  the  correspondence  schools  and  we  had 
applications  from  all  of  them  to  be  allowed  to  present  their  re- 
spective advantages  to  our  employees.  To  have  permitted  their 
representatives  to  canvass  our  employees  would  have  caused 
serious  intei'ference  with  their  regular  duties  and  if  allowed  during 
working  hours,  would  have  been  incompatible  with  the  station 
rules.  At  the  same  time  it  mu.^t  be  recognized  that  it  is  of  the 
first  importance  to  the  employer  that  his  employees  should  be  as 
thoroughly  instructed  as  possible,  and  it  seemed  a  matter  of  re- 
gret that  it  was  not  feasible,  without  infringing  the  company's 
rules,  to  bring  directly  to  the  attention  of  the  men  the  advantages 
which  these  correspondence  schools  seemed  to  offer.  I  therefore 
took  occasion  to  make  incjuiries  to  find  out  to  what  extent  the  em- 
ployees were  informed  as  to  the  existence  of  these  schools  and 
the  advantages  which  they  offered,  and  1  was  surprised  to  find 
how  well  informed  the  men  were  on  this  subject — so  well,  in- 
deed, that  it  did  not  seem  necessary  to  bring  the  matter  s[)ecifi- 
cally  to  their  attention  l)y  allowing  direct  ciinvassing  by  the 
representatives  of  the  several  correspondence  schools. 

Mr.   IlAMERscHLAti  : — 1  would  like  to  extend  a  cordial  invita- 
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tion  to  the  members  to  visit  the  New  York  Trade  School  at  any 
time  that  thev  can,  and  see  the  work  done  there  in  the  various 
trades,  and  I  would  like  to  state  that  the  electrical  course  is  only 
in  session  on  Monday,  Wednesday  and  Friday  nights.  On  other 
nights,  and  during  the  day,  the  other  classes  are  in  session.  If 
any  of  the  memberj^  are  sufficiently  interested,  they  will  receive 
a  very  cordial  reception  if  they  merely  mention  that  they  are 
members  of  the  Institute. 

Mr.  Wetzler  : — Hefore  adjourning,  I  move  you,  sir,  a  very 
hearty  vote  of  thanks  to  Mr.  Hamerschlag  for  his  interesting 
and  important  paper  this  evening.     [Seconded.] 

The  Chairman  : — It  gives  me  great  pleasure  to  put  thismotion. 
It  has  been  moved  and  seconded  tliat  a  vote  of  thanks  be  extended 
to  Mr.  Hamerschlag  for  his  interesting  remarks  this  evening. 
Those  in  favor  will  please  say  aye;  contrary,  no.     [Carried,] 

On  motion  the  meeting  was  adjourned. 


OBITUARY. 


BY  TOWN8END  WOLOOTT. 


Ohablbs  Edward  Emery,  Ph.D.  (Associate  Member,  June 
26th,  1891,  taeinber,  April  19th,  1892,)  was  born  at  Aurora, 
New  York,  on  March  29th,  1838,  and  died  in  Brooklyn,  on  June 
1st,  1898.  He  was  a  descendant  of  a  branch  of  the  Emery  family 
that  came  from  England  to  Newbury,  Massachusetts,  in  1635. 
He  attended  the  Canandaigua  Academy,  and  at  the  same  time 
lost  no  opportunity  to  acquire  information  from  independent 
sources,  by  which  means  lie  early  became  aequainted  with 
practical  engineering.  A  branch  of  the  Erie  Kailroad  terminated 
at  Canandaigua,  and  one  of  the  engineers  on  that  road  took  D. 
K.  Clark's  work  on  the  locomotive,  in  numbers,  which  young 
Emery  borrowed  and  read  in  detail,  and  then  after  thoroughly 
mastering  the  contents,  lie  explained  it  to  the  enginemen  at  night 
in  the  roundhouse.  The  enthusiastic  spirit  which  prompted  such 
a  course  of  study,  soon  found  an  opportunity  for  the  practical 
application  of  tlie  information  thus  gained,  and  carried  the 
application  to  success.  The  engines  on  that  division  of  the  road 
had  been  running  for  over  two  years  without  repair,  and  the 
valves  were  working  badly  on  account  of  lost  motion.  Young 
Emery  recommended  that  the  eccentrics  be  advanced  to  restore 
the  lead,  and  the  recommendation  being  adopted,  he  super- 
intended the  operation,  school-boy  as  he  was,  while  the  gray- 
haired  men  pinched  the  engines  along  the  track  and  reset  the 
eccentrics  as  directed.  He  then  ran  one  of  the  engines  over  the 
road,  under  the  eye  of  the  engineer,  to  try  the  effect  of  the  new 
adjustment,  which  proved  to  be  quite  satisfactory.  Incidentally 
it  may  be  remarked  that  he  was  not  strong  enough  to  hook  back 
for  expansion,  without  assistance. 

Another  boyish  exploit    of   our   budding   engineer,  was  the 
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building  of  a  steam  engine  with  his  own  hands,  and  almost  with- 
out tools.  The  majority  of  boys  who  have  a  natural  b'king  for 
machinery,  at  some  time  during  their  youthful  days,  either  build 
or  attempt  to  build  steam  engines,  and  young  Emery's  engine 
and  the  process  of  construction  thereof,  bore  many  points  of 
resemblance  to  the  typical  form.  There  was  the  usual  poverty  of 
tools  and  material,  and  wealth  of  more  or  less  ingenious  make- 
shifts, but  in  one  respect  this  engine  was  differentiated  from  the 
usual  form  :  it  eventually  ran  with  real  steam,  generated  in  its 
own  boiler.  The  specifications  of  this  remarkable  engine  were, 
so  far  as  recorded,  as  follows.  The  fly-wheel  spokes  and  con- 
nections were  of  wood,  the  cylinder  was  an  old  syringe  made  of 
type-metal  or  similar  alloy ;  the  cylinder  ports  were  capped  with 
an  iron  plate,  which  with  the  type-metal  valve,  was  accurately 
laid  out  and  finished,  as  our  young  engineer  had  advanced  ideas 
in  regard  to  valves  and  valve  gear.  The  boiler  was  made  from 
a  length  of  stove-pipe,  with  wooden  ends  nailed  in,  and  made 
tight  by  boiling  bran  inside,  which  in  those  days  was  the  most 
approved  method  of  stopping  small  leaks  in  steam  boilers.  The 
most  remarkable  thing  about  this  engine,  however,  was  the  con- 
struction of  the  valve  gear.  Young  Emery  was  an  engineer  on 
his  own  account,  and  not  a  mere  imitator.  He  designed  for  this 
engine,  a  valve  gear  in  which  the  principal  motion  was  given  by 
a  link  turning  on  a  fixed  center,  the  lead  being  obtained  inde- 
pendently from  the  cross-head.  This  device  was  long  afterward 
brought  out  in  Germany  and  became  well  known  under  the. 
name  of  the  Waelschaert  valve  gear.  It  was  used  in  the  heavy 
pushing  locomotives  in  Belgium,  in  the  Fairlie  type  of  engines 
built  by  the  Mason  Locomotive  works  at  Taunton,  Massachusetts, 
and  in  some  steamships  by  Bryce  Douglas.  Another  model  con- 
tained the  germ  of  one  of  the  radial  valve  gears  now  in  use. 

After  leaving  school  Mr.  Emery  was  for  a  short  time  employed 
in  the  drafting  room  of  a  railroad  company,  and  afterwards  in  a 
country  foundry  and  machine  shop,  where  he  helped  in  the 
foundry,  ran  the  engine,  operated  iron  and  wood-working  tools, 
made  drawings  of  machinery  or  prepared  cases  for  the  patent 
office,  as  circumstances  required.  This  was  a  course  of  training 
of  great  value  to  an  engineer,  and  Mr.  Emery  made  the  most  of 
his  opportunity.  lie  took  a  special  course  of  study  in  the  oflBce 
of  Marvin  Porter,  C.  E. ;  next  at  the  solicitation  of  friends  he 
entered  the  law  office  of  Hiram  Metcalf,  Esq.,  where  he  studied 
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law  for  two  years,  with  a  view  of  becoming  a  patent  lawyer,  and 
at  odd  times  busied  himself  as  a  land  surveyor,  and  in  making^ 
maps  and  plans  of  buildings. 

The  first  shot  at  Sumter  found  him  on  a  sick  bed,  but  jjoon 
after  he  organized  a  military  company  which  was,  however,  die- 
banded  without  having  seen  service,  owing  to  the  premature 
proclamation  of  President  Lincoln  that  no  more  troops  were 
needed.  A  little  later  Mr.  Emery  entered  the  navy  as  an 
assistant  engineer,  and  was  on  the  steamer  Richmond  in  the 
engagement  at  Fort  Pickens,  the  capture  of  New  Orleans,  and 
the  naval  attacks  of  Vicksburg  and  Port  Hudson.  Some  sug- 
gestions made  by  Assistant  Engineer  Emery  as  to  experimental 
steam  apparatus  reached  the  ears  of  Engineer-in-Chief  B.  F. 
Isherwood,  who  ordered  him  to  experimental  duty  at  the  Novelty 
Iron  Works,  New  York,  where  he  had  unusual  opportunities  for 
several  years.  Mr.  Emery  resigned  from  the  navy  on  January 
Ist,  1869,  and  was  engaged  for  a  year  in  making  experiments  for 
the  Novelty  Iron  Works  in  connection  with  the  proposed 
manufacture  of  steam  engines,  and  prepared  the  elaborate  circular 
afterwards  published  in  book  form  by  the  vice-president,  W.  P. 
Trowbridge,  entitled  "Condensing  and  N  on-Condensing  Engines." 

Mr.  Emery  was  engaged  in  the  fall  of  18(59  as  the  general 
superintendent  of  the  American  Institute  P'air,  it  being  at  the 
time  arranged  that  he  should  go  back  to  the  Novelty  Iron  Works 
as  general  superintendent.  The  establishment,  however,  was 
closed  before  his  return,  and  Mr.  Emery  entered  into  business 
for  himself  as  consulting  engineer  and  patent  expert,  writing 
occasionally  for  the  scientific  papers.  Tie  had  previously  how- 
ever been  appointed  consulting  engineer  of  the  United  States 
(^oast  Survey  and  United  States  Revenue  Marine,  in  connection 
with  which  he  was  also  made  superintendent  of  .some  work  for 
the  supervising  architect  of  the  Treasury  Department.  Mr. 
Emery  built  several  vessels  for  the  United  States  Coast  Survey, 
and  was  actively  interested  in  the  revival  of  the  compound 
engine  in  this  country.  The  first  engine  built  for  the  Coast 
Survey  steamer  Hassler,  was  probably  the  most  economical 
engine  of  its  size  ever  constructed.  Reports  on  file  show  that 
the  vessel,  with  a  displacement  of  400  tons,  made  with  half  boiler 
power,  a  speed  of  eight  knots,  most  of  the  time  running  a  line 
of  soundings,  on  a  consumption  of  two  and  one  half  tons  of  coal 
per  day.     While  in  the  naval  service  at  the  Novelty  Iron  Work.% 
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Mr.  Emery  was  employed  as  consulting  engineer  by  the  llecker 
Brothers  of  this  city,  to  initiate  and  superintend  repairs  to  the 
engines  and  the  construction  of  new  boilers,  with  such  success 
that  the  output  was  increased  50  per  cent,  in  the  larger  mill. 
Mr.  Emery  was  at  this  time  a  strong  advocate  of  tlie  compound 
engine  and  was  criticized  in  some  quarters  on  that  account,  but 
his  judgment  has  been  amply  vindicated  by  the  later  perform- 
ance of  compound  engines. 

The  Coast  Survey  appointment  terminated  when  tlie  naval 
engineers  were  ordered  to  the  vessels ;  that  to  the  Revenue  Marine 
was  continued  some  twenty-one  years,  until  1891.  In  this  service 
the  machinery  for  twenty  new  vessels  was  constructed  under  Mr. 
Emery's  direction,  and  that  of  all  the  others  several  times 
repaired  and  remodeled.  In  1874  an  opportunity  was  embraced 
to  place  three  different  types  of  machinery  in  three  hulls  of  the 
same  size,  one  a  long  stroke,  high  pressure^  condensing  engine ; 
another  a  short  stroke,  low  pressure,  condensing  engine;  and, a 
third  a  fore-and-aft,  compound,  condensing  engine.  These 
vessels  as  well  as  a  subsequent  one,  in  which  the  cylinder  of  a 
high-pressure,  condensing  engine  was  jacketed,  were  thoroughly 
tested  by  a  joint  board  of  engineers  from  the  Navy  and  Treasury 
departments.  Chief  Engineer  Charles  II.  Loring,  representing 
the  former,  and  Mr.  Emery  the  latter.  The  results  were  at  the 
time  the  only  reliable  ones  extant,  and  the  printed  reports  and 
an  analysis  of  the  same  by  Mr.  Emery  were  copied  in  the  text 
books  and  technical  literature  at  home  and  abroad.  The  degree 
of  Doctor  of  Philosophy  was  conferred  upon  him  soon  afterward, 
by  the  University  of  the  City  of  New  York. 

Dr.  Emery  was  one  of  the  judges  at  the  Philadelphia 
Centennial  Exhibition,  on  engines,  pumps  and  mechanical 
appliances,  and  an  associate  member  of  the  scientific  committee 
on  musical  instruments,  electrical  and  other  scientific  apparatus, 
and  was  assigned  to  the  position  of  assistant  to  Lord  Kelvin,  then 
Sir  William  Thomson.  He  was  also  appointed  one  of  the  judges 
in  the  Electrical  Department  of  the  Cohnnbian  Exposition  at 
Chicago  in  1893,  and  was  placed  on  the  Committee  to  which 
was  assigned  the  examination  of  dynamos  and  motors. 

In  1879,  Dr.  Emery  while  continuing  his  connection  with  the 
Revenue  service,  became  the  chief  engineer  and  finally  manager 
of  the  New  York  Steam  Company.  lie  designed  and  built  the 
entire  plant,  providing  four  stories  of  boilers,  aggregating  16,000 
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horse-power  at  the  Cortlandt  street  station,  neing  wrought-iron 
pipes  of  the  largest  size  it  was  then  possible  to  obtain,  (some 
fifteen  inches  and  even  sixteen  inches  in  diameter),  designing 
special  expansion  joints  and  other  details,  and  making  the  work 
a  complete  mechanical  success.  Steam  was  supplied  through 
service  pipes,  eight  and  ten  inches  in  diameter,  to  buildings  like 
the  Produce  Exchange,  the  Mutual  Life  building,  and  finally  the 
New  York  Court  House  and  Post  Office,  at  distances  of  one  half 
to  three  quarters  of  a  mile  from  the  station.  The  plant  operated 
very  satisfactorily  and  still  continues  to  do  so  under  the  original 
pressure  of  eighty  to  eighty-five  pounds.  The  steam  company 
had  the  prospect  of  an  enormous  business  before  it,  but  the 
situation  has  been  greatly  changed  by  the  subsequent  growth  of 
the  electrical  industries,  especially  the  transmission  of  light  and 
power  over  considerable  distances.  In  consequence  of  this  a 
great  many  power-users  take  electric  power  from  central  stations, 
who  would  otherwise  take  steam  from  the  steam  company.  On 
the  other  hand  however,  there  are  otBce  buildings  in  the  district 
served  by  the  steam  company,  which  have  their  own  plants  in- 
cluding dynamos,  engines  and  boilers  complete,  but  which  take 
steam  for  their  engines  from  the  steam  company  in  preference 
t<\  firing  their  own  boilers.  A  smaller  steam  station  was  erected 
on  Fifty-eighth  Street  near  Madison  Avenue.  Dr.  Emery  resigned 
from  the  steam  company  in  October,  1877,  up  to  which  time 
there  had  been  expended  on  the  work  nearly  two  millions  of 
dollars,  and  continued  busine-^s  iis  consulting  engineer  and 
engineering  expert  in  relation  both  to  practical  matters  of 
engineering  and  those  arising  from  litigation  in  patent  cases, 
condemnations  of  water  power,  etc.  Dr.  Emery  has  been  con- 
sulting engineer  for  the  terminal  facilities  of  the  New  York  and 
Brooklyn  Bridge  and  several  of  the  principal  plants  of  the  Edison 
Electric  Illuminating  Company.  lie  was  for  a  number  of  years 
consulting  engineer  for  the  City  of  Fall  lliver,  Massachusetts, 
and  prominent  in  connection  with  the  compromise  of  the 
difliculties  between  that  city  and  ;nill  owners;  resulting  in  a^ 
novel  agreement,  based  on  his  report,  by  which  water  was  to  be 
thereafter  furnished  to  the  city  from  the  Watuppa  ponds  in  con- 
sideration of  the  abatement  of  taxes  on  water  power.  He  has 
been  connected  with  the  building  of  steam  yachts,  a  subway 
company  and  a  number  of  similar  enterprises.  He  has  lectured 
at  Cornell  University,  and  other  educational  institutions,  and 
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while  in  the  government  service  was  chairman  of  the  engineering 
examining  boanis  of  the  United  States  Kevenue  Marine.  Mapy 
of  liis  lectures  were  publislied  in  the  Scisntife  American 
Supplfmeni. 

UeHide8l)eing  a  memher  of  this  Institutk,  Dr.  Emery  was  also  a 
member  of  the  following  bodies.  The  American  Society  of 
(■ivil  Engineers,  the  American  Society  of  MechanicAl  Engineers, 
thi'  Ami»rican  Institute  of  Mining  Engineers,  the  AmericAn  As- 
s<HMation  for  the  Advancement  of  Science,  the  British  Institution 
of  Oivil  Engineers,  from  which  lie  received  a  Watt  medal  and  a 
Telford  preniium  for  un  approved  paper,  and  the.  Brooklyn 
Institute  of  Arts  and  Sciences,  in  which  institution  he  held  the 
oHiee  of  president  of  the  department  of  engineering. 

Dr.  Emery  always  dwelt  with  much  pleasure  on  his  association 
with  tlu»  .New  York  Eleetrieal  Society,  whose  usefulness  he  held 
in  hiirh  estinnition.  lie  was  Viee-Pit»sident  fn)m  18t>8  to  1894, 
and  during  that  year  of  office  he  left  an  imprint  on  the  counsels 
of  the  Society.  In  181M»  he  was  elected  President,  and  \\\^ 
piVKidential  term  was  distinguished  by  the  same  earnestness  and 
wisdom  which  weiv  apparent  in  all  his  relations  to  the  Scxnety. 
His  inaugural  addivss  before  theSoinety  entitled  **Keminis(*ences 
of  Forty  Years  of  Engineering  ExiH'rience,"  was  of  more  than 
onlinarv  inten»st  and  historical  value. 

In  his  otfieial  capacity  oi  judgi*  at  ttie  CVntennial  Exhibition 
at  rhiladelphia,  I>r.  Emery  had  an  excellent  op|H>rtunity  to 
estimate  the  futurt*  j><»ssibilities  of  the  various  bmnches  of  applieii 
si*ience,  and  being  impressed  with  the  pn>>|vcts  of  ele<*tricity, 
he  determined  lo  study  that  svienee,  but  several  years  elapsed 
befon^  he  had  any  business  or  professii»nal  iH^nnection  with 
olivtrieal  matters.  However,  he  never  lost  hi>  jHTMUial  interest 
in  eUrtrieitv,  and  as  the  ditTen»ni  branches  of  the  industry 
develo|HHl,  he  kept  in  tourb  with  thenu  Dn  June  'J»»th,  IStM, 
he  wa*^  eliVti^l  to  thi>  In>ihi  r>.  and  on  April  ll^th,  l'^;»2,  he  was 
tninstenxnl  to  full  uiemlK'rship.  i>n  iVti»U»r  :i^HL  1*^5C»,  he  was 
apiH>intiHl  to  the  In^iirvl  ot  E\amiiu'r>,  and  at  the  nvxt  meeting: 
of  th.il  Innly  «»n  Novemlvr  lUii,  he  wa.-  vKvtiHl  rhairman,  which 
otfi^^v  lie  held  ai  the  time  ot  iiis  deatii.  Simv  his  ivmnci-tion 
with  the  lN>rni  :v\  l>r.  Kruery  has  r\*ad  four  j^j^ers  In^fore  the 
uu^T'lings,  ivsiile^  Iviui:  a  very  tnsjuetit  (Kiruei^iani  in  the  dis- 
ous^iiions.  His  {vH|vrs  ^ven^  u^  follows :  at  the  geiK*nil  meeting 
of  the    iNsnu  u  at   i^i,k*agy»,  June  '^du  1  >V»:f ,  a  |i* jier  on  " Tlie 
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RelationT Between  Magnetomotive  Force  and  Magnetization'* 
at  tbe  local  meeting  at  New  York,  March  21st,  1898,  a  paper  on 
"  The  Cost  of  Steam  Power"  at  the  general  meeting  at  Niagara 
Falls,  June  26th,  1895,  another  paper  on  the  same  subject  and 
also  a  paper  on  '*  Alternating  Current  Curves."  The  papers  on 
the  cost  of  steam  power  are  of  great  practical  utility,  and  have 
become  a  standard  of  reference. 


OLIVER  BLACKBURN  SIIALLENBERGER. 


^  ptemarial. 


BY    CHARLES    A,    TERRY. 


Olh'kr  Bi.ACKBrRN  SnALLENBERciKR  wos  bom  at  Rochoster, 
Pennsylvania,  May  7tli.  1800.  His  father,  Dr.  A.  T.  Shallen- 
berger,  is  one  of  the  leading  physicians  of  western  Pennsylvania, 
and  a  brother  of  the  Hon.  W.  S.  Shallenberger,  formerly  a  mem- 
ber of  Congress  and  now  Second  Assistant  Postmaster  General. 
Upon  his  mother's  side  ho  descended  from  the  Bonbright  family 
of  Yonngstown,  Penna. 

He  received  his  early  education  at  the  public  schools  of  Roch- 
ester, and  at  lieaver  College  in  the  neighboring  city  of  Beaver. 
In  1877  he  entered  the  Naval  Academy  at  Annapolis,  as  cadet 
engineer.  Out  of  the  one  hundred  and  twenty-six  candidates 
examined,  twenty-live  were  admitted  and  young  Shallenberger 
entered  at  the  head  of  his  class.  He  held  this  position  through- 
out the  year.  The  work  of  his  second  and  third  years  was  seri- 
ously interfered  with,  first  by  an  accident  resulting  in  a  broken 
arm  and  a  dislocated  wrist,  and  afterward  by  impaired  eye-sight 
which  compelled  him  to  abandon  night  study.  Notwithstanding 
these  disabilities,  he  held  third  position  in  his  class  at  the  end  of 
his  course. 

The  department  of  physics  at  Annapolis  occupied  a  prominent 
position  in  the  curriculum  at  the  time  of  Mr.  Shallenberger's 
entrance,  and  particular  attention  was  given  to  electricity.  Mr. 
Shallenberger  found  in  this  line  of  work  a  field  peculiarly  con- 
genial to  bis  tastes,  and  was  enabled  to  indulge  his  natural  incli- 
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uatione  toward  original  experimental  investigations.  The  syste- 
matic training  and  thorongh  knowledge  of  the  fundamental 
principles  of  physics  which  he  was  thus  able  to  acquire,  formed 
the  basis  of  his  subsequent  careful  work,  and  enabled  him  to 
readily  and  accarately  shape  tlie  directions  of  his  investigations 
along  lines  in  which  he  was  always  surprisingly  free  from  erro- 
neous conclusions  and  those  deviations  and  vagaries  which  are 
characteristic  of  many  inventive  ininds.  After  completing  the 
three  years'  course  at  Annapolis,  he  took  the  customary  two 
years'  cruise  upon  a  government  vessel.  He  was  assigned  to  the 
U.  S.  flag  ship  Lancaster^  and  the  greater  portion  of  the  time 
was  spent  in  the  Mediterranean.  The  most  notal)le  experience 
of  these  two  years  was  that  of  witnessing  the  magnificent  spec- 
tacle of  the  bombardn^ent  of  Alexandria.  The  vivid  pictures  of 
different  scenes  of  this  event  which  Mr.  Shallenberger's  clear, 
concise  style  and  remarkable  command  of  language  enabled  him 
to  give,  were  always  full  of  fascinating  interest  to  his  friends. 
Among  his  contemporaries  at  the  Naval  Academy  were  Mr. 
Frank  J.  Sprague,  Dr.  Louis  Duncan,  Mr.  W.  F.  C.  Hasson, 
Mr.  Gilbert  Wilkes,  and  several  others  whose  names  are  promi- 
nent^ among  electricians. 

In  1883  he  returned  to  the  United  States,  and  in  1884  resigned 
from  the  naval  service  and  thereafter  devoted  his  entire  atten- 
tion to  the  science  of  electricity.  The  Union  Switch  and  Signal 
Company,  of  Pittsburg,  under  the  management  of  Mr.  George 
Westinghouse,  was  at  that  time  organizing  an  electric  light  de- 
partment, and  Mr.  Shallenberger  became  associated  with  that 
work.  His  genius  and  executive  ability  were  at  once  recognized, 
and  he  was  selected  to  take  charge  of  the  experiments  made  the 
following  summer  and  fall  with  the  Gaulard  and  Gibbs  alterna- 
ting current  apparatus  which  Mr.  AV  estinghouse  imported  from 
Europe.  During  this  period  Mr.  Shallenberger  was  associated 
with  Mr.  William  Stanley  and  Mr.  Reginald  Beltield  in  the 
commercial  development  of  the  alternating  current  system.  The 
results  of  the  investigations  made  by  the  Union  Switch  and 
Signal  Company  led  Mr.  Westinghouse  to  organize  the  Westing- 
houso  Electric  Company,  and  Mr.  Shallenberger  was  appointed 
Chief  Electrician  of  that  company  and  later  of  its  successor,  the 
Westinghouse  Electric  and  Manufacturing  Company.  He  was 
elected  an  associate  member  of  the  Institute  September  7th, 
1888,  and  was  transferred  to  membership  December  4th,  1888. 

In  1889  he  went  abroad  and  spent  a  considerable  time  in  visit- 
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\tm  tho  central  sUttionn  in  many  of  the  larger  European  cities. 
In  \H^\  failing  health  compelled  him  to  resign  his  poaition  as 
(/liief  £ie<;trician,  Imt  the  Wentinghoose  company,  unwilling  to 
fmrt  with  hin  iMerviccH,  retained  him  bm  Consnlting  Electrician. 
The  HUCf^'xling  winterH  he  wan  compelled  to  spend  in  Colorado, 
but  the  Hummer  months  were  spent  at  his  home  in  Rochester, 
whene  he  c^>ntinued  his  work  at  a  well  equipped  laboratory  near 

his  Ti'M\(\ilUVAi, 

In  1H97  he  organized  the  Colorado  Electric  Power  Company, 
of  which  he  was  President  at  the  time  of  his  death.  He  returned 
to  (yolorado  in  Ock>ber  of  1897,  accompanied  by  his  wife,  Mary 
Woolslair  ShallenlHfrger,  whom  he  married  November  27,  1889, 
and  their  two  children,  a  son  and  a  daughter.  His  strength 
gra<liially  waned,  and  during  the  evening  of  Jamiary  23rd,  1898, 
hu  pasHcd  poacefnlly  from  among  uh. 

Twtinty  four  years  devoted  to  education,  and  fourteen  years 
spent  in  giving  to  the  world  the  fruits  of  his  splendid  intellect, 
H))nrt  the  brief  period  of  his  life,  but  each  year  of  that  short  life 
witneHsnd  the  cultivation  of  a  most  lovable  character,  the  develop- 
ment of  a  muHterly  mind,   and  lasting  benefits  to  his  fellowmen. 

It  would  be  interesting,  indeed,  to  review  many  of  Mr.  Shal- 
h^nborgor's  importattt  contributions  to  the  electrical  art  and  to 
tra<*(f  back  to  his  engineering  skill  many  of  the  essential  features 
which  are  titilizod  in  the  modern  systems  of  electrical  distribu- 
ti<m.  lie  invented  the  street  lighting  system  in  which  each  of  a 
series  of  ineandesoont  lamps  is  shunted  by  a  reactive  coil  having 
lU  winding  so  proportioned  to  the  mass  of  iron  in  its  core  that 
upon  the  interruption  of  the  current  through  any  lamp,  a  normal 
(Mirrt>nt  is  allowed  to  flow  through  the  corre8iK)nding  coil  to  the 
rtMuaining  lamps  by  reason  of  the  consecpient  high  magnetic  sat- 
uration of  its  oon\  The  construction  of  converters  with  primary 
and  stH»ontlary  coils  aej>anitely  wound  and  insulated  was  originated 
bv  hini.  lie  also  was  the  tirst,  in  this  countrv  at  least,  to  con- 
neot  alternating  currt^nt  generators  in  i>arallel  circuit,  and  he  de- 
visiHl  ingenious  methods  and  ap)>)iratus  for  that  purpose.  The 
ot>m|H>nsating  indicators  for  showing  at  the  central  station  the 
condition  i>f  the  tH>nsumption  circuit  were  worked  out  by  him. 
His  latest  work  was  in  prinlucing  a  s^^ies  of  alternating  corrait 
rtMcsmliug  and  indicating  wattnieters  for  accurately  measuring 
the  onorg>'  ivusuuhhI  u{hu\  indurtivo  Jis^  well  as  non-indnetive 
einniits^  and  iH>m)H>nsating  for  variations  in  temperature  and 
rati  s  of  alternation.     Hut  of  all  his  inventions*  the  de^elopmeDt 
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of  the  current  meter  bearing  his  name  is  surrounded  with  the  great- 
est interest,  not  alone  because  of  its  intrinsic  value  and  impor- 
tance, but  because  it  illustrates  the  chara3terand  mental  aptitude 
of  the  man.  He  was  original  in  his  conceptions,  comprehensive 
in  his  grasp  of  ideas,  conscientiously  tliorough  in  developing 
them,  accurate  in  his  conclusions,  and  complete  in  his  final  ex- 
pression ;  these  characteristics  were  abundantly  evident  in  his 
development  of  the  meter.  While  testing  an  experimental  arc 
lamp  upon  an  alternating  current  circuit,  his  attention  was  at- 
tracted by  the  rotation  of  a  small  spiral  spring,  which,  dislodged 
from  its  position  in  the  lamp,  had  fallen  upon  the  brass  head  of 
the  magnet-spool  adjacent  to  a  projecting  core  of  iron  wires. 
The  motion  was  so  slow  as  to  be  scarcely  perceptible,  but  it  did 
not  escape  his  quick  observation.  He  realized  at  once  that  he 
was  in  the  presence  of  a  new  phenomenon.  All  his  energies 
were  immediately  devoted  to  ascertaining  the  cause.  Experiment 
followed  experiment  in  rapid  succession.  Before  he  left  the  lab- 
oratory that  night  he  developed  from  this  accidental  suggestion 
the  complete  conception  of  the  alternating  current  meter,  an  ob- 
ject for  which  he,  as  well  as  many  others,  had  for  many  months 
sought  in  vain.  He  pursued  his  further  experiments  with  such 
zeal  and  good  judgment  that  within  a  month  he  had  produced  a 
complete  working  meter,  in  essentially  the  same  form  that  it  is 
now  manufactured  after  nearly  ten  years  of  extended  use. 

It  is  a  curious  but  well  recognized  fact  that  important  inven- 
tions and  brilliant  discoveries  are  often  independently  made  by 
different  people  in  widely  separated  localities,  and  the  history  of 
the  production  of  the  rotary  field  motor,  an  essential  part  of  the 
Shallenberger  meter,  contains  a  striking  instance  of  this  phenom- 
enon. While  Mr.  Shallenberger  was  producing  his  meter  in 
Pittsburg,  Mr.  Tesla  in  New  York  was  preparing  to  make  public 
the  wonderful  discoveries  which  he  had  made  in  alternating 
current  motors.  Professor  Ferraris,  at  Turin,  contemplating 
with  the  delight  of  a  profound  scientist  the  beauty  of  a  mathe- 
matical theory  successfully  demonstrated  by  the  workings  of 
physical  apparatus,  had  prej)are(l  a  paper  descriptive  of  the  the- 
ory of  operation  of  a  small  motor  which  he  had  previously  con- 
structed, and  suggesting  its  apj>licability  to  electric  meters.  Mr. 
Shallenberger's  discovery  was  made  during  the  week  ending 
April  20th,  1888.  Mr.  Tesla  presented  to  this  Institute  his 
memorable  paper  regarding  his  work  on  the  evening  of  May  1st, 
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I88H,  the  i«irn<f  rlay  that  \\\%  patents  were  issaed.  Professor 
Iw«rmriH'  article  ap[)eared  in  a  journal  >\^ich,  while  bearing  a 
Hiimewhat  earlier  nominal  date,  was  actually  published  daring 
either  the  hut t  week  of  April  or  the  early  part  of  May.  The 
rAMult^  of  the  work  of  each  of  these  three  brilliant  inventors  was 
cliaraeteriMtie  of  their  reh|>ective  mental  attributes,  and  while 
neither  mi^ht  have  arrived  at  the  Kpecial  utilization  of  the  others, 
they  independently  diKcovered  the  fundamental  theory  of  the 
rotating  field,  one  through  an  inventor's  intuitive  process  of  rea- 
Moning,  another  through  pure  mathematical  calculations,  and  the 
third  through  a  quick  pen^eption  and  intelligent  appreciation  of 
the  preH(Mic(»  of  an  unuHual  phenomenon. 

Tlu!  hintory  of  the  first  decade  of  the  Westinghouse  company's 
exintenee  is  full  of  the  i)ersonality  of  Shallenberger.  Ilis ability 
to  fashion  apparatus  in  its  simplest,  most  efficient  form,  was  one 
of  his  prominent  charaotenstics.  The  words  of  Prof.  Tyndall, 
tiMid  in  reft»renee  to  another  inventor,  are  peculiarly  applicable 
to  Mr.  Shallenberger:  "lie  had  an  inventor's  power,  and  an 
inventorV  delight  in  its  exercise.  Such  minds  resemble  a  liquid 
on  tin*  pt)int  of  crystallization.  Stirred  by  a  hint,  crystals  of 
eonHtructivc*  thought  immediately  shoot  through  them.  He  had 
the  pc»netmtion  to  seize?  the  relationship  of  facts  and  principles, 
ami  the  art  to  redtiee  them  ti>  novel  and  concrete  combinations." 

Ilis  lovable  character,  strong  (Christian  manliness  and  capacity 
for  wnrm  friendship,  endeared  him  to  those  who  knew  him  l)est. 
The  nuuiy  who  knew  him  by  his  works  only,  will  gain  some 
conception  of  the  value  of  those  (jualitios  through  the  letters 
fnun  some  of  his  friends  whicii  it  is  my  j^rivilege  to  present  with 
this  brief  tribute  to  his  memorv: 

From  Kkonaru  K.  Cirtis. 

Mr.  SlmUonlvrpT  wh>  ono  of  l!io  i»»»sl  lov.nble  men  I  ever  know.  Ho  hail  a 
>iU|;v)1nrlv  >\vivi  niul  cJuvrful  iouhht.  h  nm^  un<oItishno8$  ami  a  sincen?  honestj 
of  oharaolor  thai  mado  frioiuls  of  all  \\ho  know  him.  I  do  nol  thiak  he  ever 
had  an  t^noiuv.  His  \iufailin^  vHuirtosv,  his  thoughtful  i.^>i)sidemtion  for  the 
n>:hts  and  ftvUnjr>  of  othors  in  small  thinps  as  \u^ll  as  gn^at,  his  keen  sense  of 
humor,  and  a  oenain  pIH\^ulnos^  of  imajcittativMi  an\i  quainlness  of  expref^ion 
ui  his  orxlinary  mtorvvurso  with  h;s  frsonds  and  assiviates.  made  him  a  mo6t 
doUghtf\)l  vomjvinion  for  us  who  kno\*  hun  woll.  His  amiatnlitT  did  not,  as  is 
v^fton  tho  v*aM\  vnmuo  frvMu  woakno^.  for  ho  was  a  man  v\f  stiODji:  convictions. 
ajul  whon  aux  o^uoMion  of  ri*:!-.;  :*:;d  wrv^ti^c  «*>  itivoIvo»l.  nothing  oould  divert 
h:v.i  f»\  m  ;h<»  >;r:o',  huo  v^f  viu:,v  H:s  v*h^vrf".;li^ess  of  :«:v.percAme  large) t  from 
a  t.'il  uii  j:  ?aj;h  that  **  :^^nu':;ow  ;^v\-  s!i;ill  Iv  :ho  linal  end  of  aU,"*  and  also  in 
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large  measure,  I  think,  from  a  certain  clearsightedness  as  to  the  facts  of  his 
environment  and  an  uncomplaining  acquiescnce  in  what  was  inevitable. 

Others  will  probably  be  able  to  speak  from  more  direct  knowledge  with  re- 
gard to  his  work  as  an  engineer  and  as  one  of  the  executive  officers  of  a  great 
industrial  organization,  but  I  had  an  opportunity  to  see  a  good  deal  of  his 
work  as  an  expert  and  as  an  inventor.  We  worked  together  in  a  good  many 
patent  cases,  some  of  which  were  very  intricate  and  difficult,  and  i  soon  came 
to  regard  him  as  the  strongest  and  most  reliable  electrical  expert  that  1  knew. 
His  knowledge  of  the  physical  laws  relating  to  electricity  and  magnetism  was 
very  thorough  and  practical,  his  powers  of  observation  were  acute  and  highly 
trained,  he  was  an  ingenious  and  careful  experimenter,  and  he  was,  above  all, 
a  singularly  clear  thinker  and  close  rcasoner.  In  consultation  he  was  especially 
helpful.  Plausible  fallacies  and  untenable  positions  that  had  at  first  more  or 
less  attraction  for  most  of  us  did  not  detain  his  attention  long.  His  mind 
seemed  instinctively  to  reject  any  proposition  that  led  to  an  illogical  conclusion, 
and  he  did  not  take  a  position  until  he  had  worked  out  all  the  logical  conse- 
quences of  it.  He  was  a  very  strong  witness.  His  language  was  simple  and 
direct,  but  clear  and  forcible,  because  he  was  a  clear  thinker.  On  cross-exam- 
ination he  never  gave  me  any  anxiety.  He  might  amplify  or  explain  on  cross- 
examination  the  views  he  had  expressed  in  his  direct  testimony,  but  he  had  no 
occasion  to  mmlify  them  because  he  had  already  thought  the  matter  out  fully 
and  told  the  truth  as  he  understood  it. 

Although  he  was  severely  practical  in  his  work,  he  had  a  vivid  imagination, 
and  was  fond  of  speculative  discussion  when  more  serious  work  was  not  press- 
ing. 1  have  spent  many  delightful  hours  with  him  in  the  intervals  of  our  work, 
and  later  when  we  both  had  a  good  deal  of  leisure  here,  in  discussing  the  un- 
solved problems  of  science  and  the  greater  problems  of  the  supernatural  world. 
It  is  one  of  the  great  sorrows  of  my  life  that  there  are  to  be  no  more  such  hours 
for  me. 

I  have  touched  on  a  few  points  that  especially  impressed  me  in  Shallenber- 
ger's  character,  but  I  feel  that  I  can  give  no  adequate  expression  to  what  he  was 
to  me  and  to  others  who  were  so  fortunate  as  to  know  him  well. 

Colorado  Springs,  March  7th,  189H. 


Prom  Elihu  Thomson. 

Though  it  was  not  my  fortune  to  meet  Mr.  Shallenberger  frequently,  I  ob- 
tained at  the  outset  a  high  appreciation  of  his  fine  character  and  genial  dispo- 
sition. To  meet  him  was  to  admire  and  trust  him.  It  is  one  of  the  great 
sorrows  of  life  that  such  friends  are  so  soon  taken  from  us. 

Mr.  Shallenberger's  electrical  work  is  so  well  known  and  so  highly  valued  as 
to  need  no  praise  from  me.  He  hehl  a  high  place  among  electrical  engineers. 
The  discovery  of  the  principles  of  alternating  current  induction,  upon  which, 
in  his  hands,  his  beautiful  induction  meter  and  me-asuring  instruments  were 
founded,  is  sufficient  evidence  of  his  great  ability  and  technical  skill. 

His  work  has  left  a  lasting  impression  upon  alternating  current  science  and 
industry,  and  we  cannot  escape  the  conviction  that  had  his  life  and  health  been 
spared  he  would  have  continued  his  successful  work  and  would  have  won  many 
fresh  laurels. 

SwAMPSCOTT,  Mass.,  March  8th,  1898. 
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From  F&ANK  J.  Spkaoui. 

Mr.  Sh&llenberger*s  life  and  character,  his  abilities  and  accomplishments, 
merit  special  record,  the  more  so  because  of  his  own  gentleness  and  modest j. 
His  old  naval  associates  feel  a  special  pride  in  his  work,  mnch  of  which  has 
become  standard,  and  had  his  life  and  health  been  spared,  it  would  ha^e  been 
still  more  for  the  lasting  benefit  of  electrical  science. 

His  friends  will  long  miss  a  good  fellow  and  a  loyal  companion  of  most  loTable 
character,  especially  endeared  to  them  by  the  pathetic  ending  of  his  career. 
Among  those  friends,  I  am  more  than  glad  to  have  been  one. 

Niw  York,  March  17th,  1898. 


From  Nikola  Tksla. 

I  am  glad  that  your  letter  gives  me  an  opportunity  to  express  how  deeply  I 
have  regretted  the  death  of  Shallenberger.  The  electro-technical  profession 
has  lost  in  him  one  of  its  most  gifted  members.  Many  a  bright  idea  is  recorded 
in  his  numerous  patents,  and  much  of  his  work  is  embodied  in  the  splendid 
machinery  which,  during  a  number  of  years,  he  has  helped  to  develop.  Al- 
though stricken  down  in  the  prime  of  life,  he  leaves  a  brilliant  record  in  the 
profession. 

Shallenberger  has  also  made  a  record  as  an  original  discoverer  ;  for,  although 
at  a  later  date,  he  independently  observed  some  rotations  in  a  magnetic  field, 
his  merit  is  all  the  greater,  as  he  did  not  stop  at  a  laboratory  experiment,  but 
quickly  applied  the  principle  practically  and  produced  his  beautiful  measuring 
instruments. 

Shall  we  content  ourselves  to  merely  honorably  mention  the  name  of  a  man 
who  has  done  so  much  ?  I  will  not  presume  to  make  a  suggestion  in  my  ca- 
pacity as  one  of  his  co-workers,  but  Shallenberger  was  a  friend  whom  I  have 
liked  and  esteemed  highly,  and  particularly  in'  this  quality  I  would  feel  very 
gratified  to  see  his  name  more  fitly  commemorated. 

Nkw  York,  March  17th,  1898. 


From  William  Stanley. 

Oliver  Shallenberger  was  a  delightful  man  to  know — frank,  fearless  and  posi- 
tive, he  possessed  in  an  eminent  degree  that  clear-headedness  which  made  him 
sure  of  every  step  in  his  scientific  work. 

When  he  first  began  liis  |)ractical  alternating  current  work  there  was  little 
available  information  on  the  subject.  No  alternating  machinery  had  been  con- 
structed in  this  country,  and  the  laws  governing  alternating  current  phenom- 
ena were  but  vaguely  understood.  In  fact,  the  machinery  for  the  transmission 
and  transformation  of  energy  by  alternating  currents  was  devised  and  put  in 
practical  use  before  the  laws  governing  such  machinery  had  been  digested  by 
engineers.  Into  this  chaotic  condition  of  affairs  Shallenberger  threw  his  whole 
strength.  He  quickly  separated  the  logical  and  useful  information  from  the 
unscientific  and  uncertain  ;  he  made  clear  and  simple  many  vexing  and  misty 
problems,  and  he  probably  did  more  tlian  any  engineer  of  the  time  in  perfecting 
the  so-called  alternating  system. 

13ut,  while  Shallenberger's  value  as  an  engineer  was  known  to  many   who 
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came  in  oontaot  with  him,  it  was  the  privilege  of  but  comparatively  few  to 
know  him  as  I  knew  him;  to  know  his  charming  personality  and  his  high  char- 
acter. And  while  his  inventions  and  engineering  work  have  created  a  promin- 
ent place  for  his  name  in  the  development  of  practical  electricity,  his  person- 
ality created  friendships  which  his  untimely  death  can  but  cause  his  friends  to 
cherish  the  more. 

PiTTsriBLD,  Mass.,  March  12th,  1898. 


From  Alexander  Jay  Wurts. 

It  was  my  good  fortune  to  be  associated  with  Mr.  Shallenberger  as  far  back 
as  1887.  1  soon  learned  with  others  to  admire  his  clear  mind  and  wonderfully 
good  judgment,  but  it  was  not  so  much  thete  characteristics,  together  with  his 
great  inventions  and  the  rapid  progress  he  made  in  the*  science  of  electricity, 
which  attracted  my  attention — there  is  not  such  a  great  lack  of  brilliant  men  in 
the  world — what  drew  me  to  him  more  than  anything  else  was  his  beautifully 
refined  character.  It  was  a  real  pleasure  to  greet  him  after  a  week's  absence. 
I  shall  never  forget  his  generous  hand-shake*  and  his  always  cheerful  and 
pleasant  *'good  mornings;**  and  he  was  just  the  same  to  all— everybody  loved 
him. 

I  remember  so  well  when  Mr.  Shallenberger  first  went  to  Colorado.  It 
seemed  as  though  the  light  and  life  of  the  laboratory  had  gone  out ;  and  as 
though  we  really  could  not  get  along  without  him.  But  now  that  he  has  gone 
from  us,  not  to  return,  it  is  not  so  much  his  great  inventions  or  his  loss  as  a 
scientist  that  is  talked  about  among  his  associates,  but  rather  some  phase  of  his 
character.  The  loss  which  we  all  feel  is  "0.  B."  Those  who  knew  him  will  at 
once  recognize  what  I  mean  and  nothing  else  can  possibly  express  it. 

Pittsburg,  Pa.,  March  9th,  1898. 


From  T.  C.  Martin. 

The  history  of  the  alternating  current  in  this  country  must  always  include 
Mr.  Shallenberger's  early  work,  for  be  not  only  did  much  to  introduce  the  sys- 
tem for  practical  purposes,  but  was  one  of  the  first  to  address  himself  to  the 
difficult  problem  of  measuring  that  current.  His  success,  in  the  beautiful 
instruments  that  bear  liis  name,  is  a  matter  of  record.  It  must  not  be  forgotten 
that  Mr.  Shallenberger  did  his  best  work,  in  this  direction,  at  a  time  when  the 
alternating  current  was  hardly  known,  harshly  criticised  and  bitterly  opposed; 
and  hence  he  is  entitled  to  double  credit  for  the  foresight  and  courage  which  led 
him  to  advocate  its  manv  solid  claims  to  consideration. 

Of  Mr.  Shallenberger  personally,  one  can  only  speak  in  terms  of  admiration. 
He  was  a  conspicious  member  of  that  group  of  naval  students  who  within  the 
last  fifteen  years  have  made  a  deep  mark  on  the  electrical  art  in  America;  and 
he  had  a  pleasant,  breezy  way  that  is  associated  in  the  popular  mind  with  sea 
life.  It  was  a  pleasure  to  meet  witli  him  and  talk  with  him.  He  not  only  was 
generous  in  his  views  but  had  insight  into  affairs,  and  ability  to  express  well 
defined  opinions  in  a  clear,  incisive  manner. 

Niw  York,  March  18th,  1898. 
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From  Charles  F.  Scott. 

Mr.  Shallenberger*8  simple,  clear,  straight-forward  waj  of  thinking,  im- 
presses me  as  his  preeminent  characteristic.  His  mind  was  capable  and  dis- 
criminating, and  he  possessed  a  remarkable  facility  for  transferring  his  ideas 
into  physical  forms  His  best  known  work — that  on  alternating  current  meters, 
well  illustrates  his  clearness  and  keenness  of  thought  and  the  direct  and  elegant 
way  in  which  he  expressed  his  thoughts  mechanically.  The  meter  work  espec- 
ially exemplifies  his  refinement  and  delicacy  in  both  thought  and  manipulation. 
There  was  usually  but  a  single  step  from  the  matured  idea  to  the  practical 
commercial  form.  It  is  not  often  that  a  new  piece  of  apparatus  remains  un- 
changed  for  any  considerable  time.  This  has  been  especially  true  in  electrical 
apparatus  during  the  past  decade  when  revolution  and  evolution  have  been 
common  ;  but  the  original  current  meter  was  invented  and  developed  and  in 
the  short  period  of  a  few  months  received  a  mechanical  form  which  has  been 
duplicated  a  hundred  and  thirty  thousand  times  and  is  still  being  repeated  daily 
with  only  minor  changes.  His  recent  work  on  alternating  current  measuring 
instruments  shows  at  onoe  a  breadth  of  conception  in  taking  a  general  survey 
of  the  theory  of  electrical  instruments,  and  the  minuteness  and  precision  with 
which  he  cared  for  the  minutest  details. 

It  is  difficult  to  realize  now  how  truly  work  in  the  alternating  current  field 
a  dozen  years  ago  was  pioneer  work.  But  what  was  lacking  in  those  early  days 
in  knowledge  and  experience,  he  made  up  in  keen  insight  and  generous  common 
sense. 

Upon  meagre  data,  new  types  of  apparatus,  dynamos  and  transformers, 
measuring  instruments  and  auxiliary  apparatus,  must  be  quickly  designed  and 
made  ready  for  service.  The  success  of  that  work  contributed  in  no  small 
measure  to  the  subsequent  extension  and  development  of  the  alternating  cur- 
rent system,  and  this  success  was  due  in  no  small  measure  to  the  clear  insight, 
the  sound  judgment  and  the  intelligent  common  sense  of  0.  B.  Shallenberger. 

The  symmetry  of  his  character  was  a  notable  characteristic.  In  hb  theoret- 
ical study,  in  his  method  of  experiment,  in  the  apparatus  which  he  produced, 
in  his  official  relations  with  those  under  his  direction,  in  his  relations  as  per- 
sonal friend  and  also  in  his  home  relations — there  runs  through  all  a  consistent 
simplicity,  integrity  and  sameness. 

PiTTSBUEO,  Pa..  March  18th,  1898. 


From  Reginald  Belfield. 

I  am  very  glad  to  have  this  opportunity  of  adding  my  tribute  to  the  fine 
character  and  great  ability  of  my  dear  old  friend.  0.  B.  Shallenberger,  whom  I 
have  had  the  privilege  of  knowing  intimately  for  over  twelve  years,  and  have 
therefore  had  very  many  opportunities  of  appreciating  his  worth. 

From  every  point  of  view  Shallenberger  was  one  among  a  thousand  ;  he  was 
a  true  friend,  a  great  electrician,  and  altogether  a  type  of  manhood  which  is 
seldom  seen.  It  is  difficult,  therefore,  to  confine  oneself  to  any  one  of  his  par- 
ticular attainments,  as  he  was  so  many-sided  that  whether  you  consider  his 
character,  ability  or  work,  the  temptation  is  to  stray  away  from  that  special 
subject,  and  contemplate  them  all. 

Shallenberger,  when  first  I  knew  him,  was  Electrician  to  the  Union  Switch 
and  Signal  Company  of  Pittsburg,  Pa.     Here,  in  the  very  early  stages  of  elec- 
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tricity.  his  talents  and  inyentive  genius  were  roost  marked,  his  grasp  of  anj 
new  matter  great,  which,  with  his  capacity  for  hard  work  and  diligence,  pointed 
him  out  as  one  of  the  most  brilliant  workers  of  the  day  in  this  subject.  Even 
so  early  as  this  he  had  turned  his  attention  to  alternating  current  distribution — 
at  that  time  quite  in  its  infancy — and  in  the  development  of  this  system  most 
of  his  later  work  has  been  devoted.  All  the  earlier  machines  of  the  Westinghouse 
company,  transformers,  instruments,  and  the  thousand  and  one  other  things 
which  go  to  make  up  a  system,  were  designed  by  him,  and  his  fertile  brain  was 
never  at  a  loss  to  work  out  new  pieces  of  apparatus  to  overcome  difficulties  as 
soon  as  they  presented  themselves. 

Despite  the  enormous  amount  of  work  which  his  position  entailed,  he  was 
always  experimenting,  with  most  satisfactory  results,  as  the  Patent  Office  rec- 
ords amply  testify,  and  the  Westinghouse  company  has  lost  a  most  valuable 
and  esteemed  man  by  his  early  death. 

Shallenbergcr  wa.s  gifted  with  a  very  sound  judgment,  and  he  most  fully 
considered  all  questions  from  every  point  before  expressing  an  opinion.  His 
experimental  work  was  also  directed  with  a  clearness  of  perception,  a  full 
knowledge  of  the  matter,  and  an  exact  idea  of  what  he  desired  to  obtain  ;  this 
enabled  him  to  conserve  his  energies,  and  was  the  secret  of  the  immense  amount 
of  work  he  was  able  to  get  through  during  his  life.  His  grasp  of  a  subject  was 
very  quick  and  thorough,  and  from  a  small  experiment  which  to  an  ordinary 
observer  would  seem  of  little  or  no  moment,  he  was  often  able  to  obtain  results 
of  great  Talue. 

IjONDON,  Eiie.,  March  16th,  1898. 
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DIED. 

Virlky: — At  his  home  in  Kingston,  Jamaica.  March  8rd,  1808,  Horace  S.  L. 
Verley,  son  of  Louis  Verlev  of  that  place.  Mr.  Verley  was  formerly  la- 
boratory assistant  of  Dr.  Greyer  at  the  Stevens  Institute,  and  was  elected 
an  associate  member  of  the  Institute  May  17th,  1802.  He  had  been  ill 
for  oyer  a  year. 

Piut:— In  Brooklyn,  N.  Y.,  March  27th,  1898.  Nelson  Williams  Perry,  elec- 
trical  and  mining  engineer.  Mr,  Perry  was  a  son  of  Judge  Perry  of  the 
Ohio  Sut)renie  Oonrt,  and  was  born  in  Columbus,  Ohio,  May  22nd.  1853. 
He  joined  the  Institutb  May  17th,  1^2,  and  was  transferred  to  full 
membership  March  2l8t,  1803.  His  death  was  due  to  the  aooidental 
drinking  of  a  poisonous  solution  while  working  in  his  laboratory  in  dark- 
ness. 

QoTT:— In  Now  York  City,  Monday,  June  Oth,  Clarence  P.  Oott,  formerly  Chief 
Engineer  and  Electrician  at  the  Grand  Central  Palace.  Mr.  Gott  was 
electiHl  an  Associate  Moniber  of  the  Institute,  November  20th,  1805. 

Smith:— At  Baltimore,  Md.,  December  24. 1898,  Captain  Frederick  H.  Smith. 
Citv  Knginet^r,  of  Baltimore,  who  w^a.s  born  in  Pittsburg,  Penn.,  Nov- 
emner  luth.  1830,  and  elected  an  Associate  Member  of  the  Imstitute 
November  12,  1880.  He  had  been  in  failing  health  for  some  time,  but 
pneumonia  was  the  immediate  cau.se  of  his  death.  The  early  work  of 
Captain  Smith  was  with  the  Louisville  and  Nashville  Railroad,  from 
which  he  entereil  the  service  of  the  Southern  Confederacy,  continuing 
through  the  war.  Liatterly  his  work  has  been  in  bridge  engineering  in 
South  America  and  this  oountry.  His  leisure  was  largely  devoted  to 
s(!ienti(ic  n*s<»an*h.  He  was  a  i^Ilant  soldier,  a  bright  and  vigorous 
thmker.  a  dt*ep  student,  a  faithful  friend,  and  a  devoted  husband  and 
father. 
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CrAK;.  J.   II ALLY 
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•electrician,  ( 
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A  May 
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308  Walnut  St.,  Philadelphia,  Pa.  t 
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York  City.  (  ^^  *  ^^^ 
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DiKHL,  Philip 

d'Infrrville,  Georges 
Dion,  Alfred  A. 
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Inventor,    Singer  Sewing  Machine  (  a    a     -i  tt 

Co..  508  Morris  Ave.,  Elizabeth,  \  V,  V^^        X* 
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Electrical  Engineer  and  Expert.  10  j  A  Nov.    i, 
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"  j  A  Jan.      7» 
'  J  M  Nov.  15, 

DoANE,  Samuel  Everett    Sup't.   Marlborough  Electric   Ma-  (  *    •  4: 

[Life  Member.]  chine    and     Lamp     Co.,     Marl- -^  (>  C^y^;  ^;» 

borough,  Mass.  ]MJune  27. 
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{^Past- President)     Johns      Hopkins  (  .    j  . 
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Electrical  Engineer,   80  Carlton  St.,  jA  Dec.     6,  1887 
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Francisco,  Cal.  |^ 
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Company,  Helena,  Mont.  (  M  Oct.  21, 
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Electrician  and  Inventor,  Highland  j  A  Feb.    16, 
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Market  St.,  Camden,  N.  J.  J  M  May  19 

Pres.  and  Electrical 
Haute  Electric 
Terre  Haute,  Ind. 


Hartwell,  Arthur 


ical  Engnieer,  Terre  (  .   ^ 
"/^d/"""^    """'iM  April" 

Manager      Chicago    office.     West-  ( 
inghouse  Electric  and  Mfg    Co.;  ;  A  May   15 
171    La   Salle     Street,    Chicago,  ^  M  Nov.  20, 

111  L 

Electrical  Engineer,  General  Electric  (*    ».         « 

Co.,     180    Summer  St.,    Boston,  ■<  «,  t J  ^^ 

Mass.  \  ^'  J""*  '° 

Haskins,  Charles  H.        Electrician,    70   Linwood   Avenue,  j  A  April  15 


Haskins,  Caryl  D. 


Haskins,  Clark  Caryl 
Hasson,  W.  F.  C. 


Hayes,  Hammond  V. 


Hayes,  Harry  E. 


Haynes,  F.  T.  j. 


A  Nov.  12 
M  Mar.  18 

A  April  18 
M  Dec.  20 


Heath,  Harry  E. 
Heinrich,  Richard  O. 

Henshaw,  Frederick  V. 
Hekdman,  Frank  E. 
Hering,   Carl 

[Life  Member.] 

Hering,  Hermann  S. 


Buffalo.  N.  Y.  (  M  Oct.    21 

Electrical     Engineer,     682a    West  j  A  Sept.  20 
Adams  St.,  Chicago,  111.  {  M  Mar.  21 

Honolulu,  H.  1  i  A  Mar.  18 

(  M  May  15 

Electrician,  American  Bell  Tele- 
phone Co.,  42  F'arns worth  St., 
So.  Boston.  Mass. 

Asst.  Electrician.  American  Tele- 
graph and  Telephone  Co.,  22 
Thames  St.,  New  York  City. 

Divisional       Telegraph      Engineer,  ( 
Great    Western     Railway;    resi- )  A  Dec.     6 
flence,    Belmont    Villa,   Cheddon  1  M  Jan.      3 
Road.  Taunton,  Eng.  t 

Electrical       Engineer,       Windsor,  j  A  Mar.  21 
Conn.  (  M  Mar.  25 

General  Manager,  European  Weston  (  .  q  . 
Electrical  Instrument  Co.,  ®^  "j  m  Oct 
Ritterstrasse,  Berlin,  Germany.        (  '      ^ 

Electrical    and   Mechanical  Engin- 3  A  Feb.     5 
eer,  148  Henry  St. .Brooklyn, N.Y.  /  M  Nov.  20 

A  Dec.   18 
M  Oct.   21 


Mechanical  and  Electrical  Engineer,  j 
Crane  Elevator  Co.,  Winnetka,  111.  ( 

Consulting  Electrical  Engineer,  929  ( 
Chestnut    St.;    residence    124  E.  j  A  Jan.      3 
Mt.    Pleasant  Ave.,    Philadelphia,  j  M  June     5 
Pa.  t 

Associate   in    Electrical    Engineer-  f 
ing,  Johns    Hopkins    University,  )  A  April  21 
residence,  1810  vSt.  Paul  St.,Balti-'|  M  April  18 
more,  Md.  (^ 


1884 
1884 

1896 
1897 

1887 
1887 


i8qi 
1896 

1895 
1896 


1894 
1895 
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1894 
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1884 

1893 
1894 
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1894 
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1890 

1893 
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1889 
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1896 

1888 
1888 


1891 
1893 
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Herrick,  Ciiari.es  H.       Superintendent   Isolated,    Lighting  f 

and  Power  Dep't.,  Edison  Electric  |   .    Anril  21 
Illuminating  Co.,  3  Head  Place,  ■{  ^   y^  ' 

Boston:  residence.  22  HcrrickSt..  |  ^  ^^^'   ''» 
Winchester,  Mass.  (^ 

Herzog,  F.  Benedict,    Ph 


Hewitt,  Charles 

Hibhard,  Angus  S. 

HiGGiNS,  Edward  E. 
Holmes,  Franklin  S. 


Electrical 
Co 
delph 


I.  D.    President,  Herzog  Tclesemc  (  *    »f 
Co..    Townsend    Building.    1123-^  ^r^^   ^^• 
Broadway,    New  York   City.  ( 

rical  Engineer,  Union  Traction  (  *   ^^       ^ 
;hia!°Pa^*"'"""  '^"*"'    ''*■"""  i  M  May  V,\ 

General    Manager,    Chicago    Tele-  f  .    ^ 
phone      Co. ,     203     Washington  \  w  - ,  .  '    T 
St.,  Chicago,  III.  (  ^^  ^^^'   '^» 

Editor.  Strgfi  Railway  Journal^  26  j  A  June     8, 
Cortlandt  St.,  New  York  City.        <  M  July    12, 

Electrical  Engineer,  108  Fulton  St.,  (  .    Anril  «»f 
New  York  City;   residence    445a-^  ^  3" ''* 
Macon  St.,  Brooklyn,  N.  Y.  (  ^  J""*  ^^' 

Houston,  Edwin  J.,  Fh.D,  (Fast  President,)  Prof  of  Physics,  f 

[Life  Member.]  Franklin  Inst.,  Firm  of   Houston  I   .     *     ., 

&  Kennelly,  Crozer  lildg..  1420^  ?,  ttP"*  *J' 
Chestnut  St.  :  residence,  1809  |  ^  ^^^'  *' 
Spring  Garden  St.,  Phila.,  Pa.        (, 

Electrician,  20  Chestnut  St.,  New-  (  A  July    12, 
ark,  N.  J.  ([  M  June     5. 

Lamp    Testing    Bureau     Box,  114,  ^^  ^ 
Newark,     N.  J.;     residence,    '52-  wvi^^'tR 
Prospect  St.,  East  Orange,  N.  J.   (  ^*  ^*^*  ^°' 

Humphrey,  Hf.nry  H.      Consulting      Electrical      Engineer,  i  ^  j^  , 

-r''"'r p-M"'"l>"'r  ''^  vV'°'°'°  )  M  April  ii 
Irust  B  Id  g.,  St.  Louis,  Mo.  (  * 


Howell,  John  W. 
Howell,  Wilson  S. 


Hunter,  Rudolph  M. 


Hunting,  Fred  S. 


Expert    and    Counsellor   in    I'atent  (  .    ,  1 

Causes,  926   Walnut   St.,     ™la--^M  Mav  in* 
dclphia.  Pa.  (  ^  ^^^^  *'' 

Chief    Engineer,  Engineering  De-  ( 
partment.   Fort    Wayne    Electric!  A  Nov.  15, 
Co.,   325    West  Washington   St.,  j  M  May  16, 
F'ort  Wayne,  Ind.  [ 


Hutchinson,  Dr.  Cary  T.     {^Vice-President.)  Of  Duncan  &  f 
[Life  .Member.] 

Hyde,  Jerome  W. 

Inrig,  Alec  (iAVAN 
Ives,  Edward  B. 
Jackson   Pugald  C. 


Hutchinson,  Consulting  Electrical  J  A  Feb.  7, 
Engineers,  71  Broadway,  New  ]  M  Dec.  16, 
York  City.  L 

Ass't    Treasurer,    The    Springfield  (  .    r  « 

Steam    Power  Co.,  Wason   Bldg.  "^^  Nov      i 
Springfield.  Mass.  (  *       ' 

Globe  Electrical  Co.,  44  White  Post  j  A  Jan.    19, 
Lane,  Victoria  Park,  London,  Eng.  {  M  May  17, 

Vuma,  Arizona.  j  A  April    2, 

(  M  May   15, 

(ri(,'- President.)   Professor  of  Elec- (   .    w 
trical  Enjijinceing.  University  of -J  *,  ,   ^  ^' 
Wisconsin,   Madison,  Wis.  {       ^  '* 
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Name. 

Jackson.  Francis  E. 


Address.  Date  of  Membership. 

Aylsworth  &  Jackson,  Incandescent  f 
Filament     Manufacturers.       128  I  A  Jan.      3 
Kssex  Ave.,  Orange:  residence, 61  )  M  June  17 
South  Grove  St., East  Orange, N.J.  I. 


Jackson,  Henry 


Telegraph  Supt.  and  Engineer,  The  f 

Lancashire  &  Yorkshire  Railway  I  A  Mar.  21 
Co.,  Horwich,  Bolton-le- Moors,  [  M  Dec.  19 
Lancashire,  England.  t 

Professor  of  Electrical  Engineering,  (  *   o 
Penn.  State  College.  State   Col-  <  ^ji  1         .1 
lege.  Pa.  I^J^"'    '7 

Chief    Engineer,    New     York     and  (  *   * 

Slaten  Island  Electric  Co.,  VVest-^Cr,  ^*  '3 
New  Brighton.  N.  Y.  ]  ^^  J"°^  ^ 

Attorney-at-Law,    Solicitor  of    Pa-  i  .    •^ 
tents,  149  Broadway,   (Tel.    3565  \  ^  ^    '    « 
Cortlandt),  New  York  City.  (  ^  ^^^'  " 

VII   Kazinc/y-utczo  21,    Budapest,  j  A  June  27 
Hungary.  {  M  Jan.    22 

Secretary,  Board  of  Patent  Control.  <  A  June    8 
120  Broadway,  New  York  City.      \  M  Nov.    i, 

Johnston,  A.  Langstakf  Chief  Engineer,  Richmond  Traction  (  4   *     -lot 

Co.,  1112E.  Main  St.,  Richmond,  j^  April  18 

V  A*  V 

Jones,  Francis  Wiley       Assistant  Gen'l-Manager  and  Elec-  f 

[Life  Member.]  trician,     Postal    Telegraph-Cable  J  A  April  1 5 

Co.,  253  Broadway,  New  York  ]  M  Oct.  21 
City.  L 

Keith,  Dr.  Nathaniel  S.     Electro-Metallurgist,  62  Nevada  \  A  April  15 

Block,  .San  Francisco,  Cal.  (  M  Jan.    17 


Jackson,  John  Price 
Jackson,  Wm.  B. 

Jannus,  Frankland 

Jehl,  Francis 
Jenks,  W.  J. 


Kinsman,  Frank  E. 


Electrical  Engineer,  120  Broadway.  I  .    o     . 
New  York   City  ;    residence,  836  ■<  j^  'j^P     ^^ 
Sherman  Ave.,  Plaintield,  N.  J.      (  '  ^ 


Knowles.  Edward  K.  A.  E.,  C.  E.    Sprague     Electric    Co  ,  [ 

-,ity:J 


Knudson,  a.  a. 


Lanoe.  Philip  A. 


Langton,  John 


La  Roche.  Fred.  A. 


20  Broad  Street,  New  York  City:  J  A  June  8 
residence,  82  Cambridge  Place,  j  M  July  12 
Brooklyn.  N.  Y.  (^ 

Electrical  Engineer,  Room  416,  32  f 
Nas*iau  St.,iNew  York  City,  Tele- I  A  Dec.     6 
phone  617  Cortlandt ;residence, 1 27  I  M  Jan.      3 
Prosj>ect  Place,  Rutherford,  N.J.  (^ 

Superintendent  Westinghouse  Elec-  (  .    w 
trie  and  Manufacturing  Co.,  East-  w  *. 
Pittsburg,  Pa.  (  ^^  J""^ 


Electrical    F^ngineer,    Canada    Life  (   .    w 
Building,    Toronto,  Onl.,  and  72  ^  ^,  ,      * 
Trinity  Place,  New  York,  N.  Y,     '  ^^  '""*^ 


JMJ, 


L ATTIC,  J.  \V. 
(17) 


Senior  Member  of  F.  A.    La  Roche  f 

&  Co.,  652-660  Hudson  Street; J  A  Sept.  19 
residence,  28  \Y.  25 »h  .^t.,  New  |  M  Nov.  20 
York.  I 

Electrical  Engineer,  residence,  335  i  A  June     8 
West  Broad  St.,  Bethlehem,  Pa.     \  M  July   12 
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Name.  Address.  Date  of  Membenhip. 

Lbmp,  Hermann,  Jr.  Electrician,     i86    Allen     Avenue,  j  A  April    2,1889 

Lynn,  Mass.  (  M  Feb.  21,  1893 

Leonard,  H.  Ward  Electrical  Engineer,    Pres't.  Ward  f 

[Life  Member]  Leonard  Electric  Co. ,  Bronxville,  f  A  July    12,1887 

N.  Y. ;  residence,  Lawrence  Park,  )  M  Sept.    6.  1887 

N.  Y.  t 

Leslie,  Edward  Andrew  Vice-President  and  Manager,  Man-  ( 

hattan  Electric  Light  Co.,  Ltd.,  J  A  Jan.  16,  1895 
New  York  City;  residence.  343 1  M  Feb.  17,  1897 
Hancock  St.,  Brooklyn,  N.  Y.        (^ 


Levis,  Minford 

LiEB,  John  W.,  Jr. 

LioHTHiPE,  James  A. 

Lincoln,  Paul  M. 
Lloyd,  Herbert 


and  Electrical  Engin- (  ^    p. 

y   Electric    Co.,    54  ^  m  Tune  21'  1 
:.,    Philadelphia,  Pa.  (  ^  June  23,  i 


Superintendent 
eer,    .Novelty 
North  4th  St 

{Manager.)    General  Mgfr.,  Edison 


893 
1897 


887 
1887 


Lloyd,  John  E. 


Lloyd,  Robert  McA. 


Manager.)  General  Mgfr.,  Edison  (  *  c-  ♦  a  » 
Electric  111.  Co.;  Residence,  166  <?,  ^P^'  ^'  \ 
West  97th  St.,  New  York  City.       /  ^  ^ov.    i,  i 

District  Engineer,  General  Electric  (*    «.  « 

Electrical  Supt.  Niagara  Falls  Power  (A  Sept.  25,  1895 
Co.,  Niagara  Falls,  N.  Y.  \  M  June  24,  1898 

(Manager)  General  Manager,    Elec-  f 
trical  Engineer  and  Chemist.  The  J  A  June  20,  1894 
Electric     Storage     Battery     Co.,  I  M  May  21,  1895 
Drexel  Bldg.,  Philadelphia,  Pa.       (. 

Chief  Engineer  and  Acting   General  (^ 

Manager  Cape  Town  Tramways,  i  A  Jan.  22,  1896 
49  Sir  Lowry  Road,  Cape  Town,  |  M  Mar.  25,  1896 
S.  Africa.  (^ 

Electrician,    22    Broad   St.;     resi- (  .    ^  ^ 


risory  ( 


A  April  15,  1884 
M  Oct.   21,  1884 


Lockwood.  Thomas  D.,    Electrical  Engineer,   and  Advi 
[Life  Member.]  Electrician,     P.    O.     Drawer 

Boston,  Mass. 

LooMis,  OsBORN  P.  Electrical  Engineer,  Newport  News  (  ^  q  .      - 

Shipbuilding  and  Dry  Dock  Co  ,  -  ?:  SfP^*  \J:  \V^ 
Newport  News,  Va.  (  ^  ^*^^-  '^'  '^^6 

LoRRAiN,  James  Grieve    Norfolk  House,  Norfolk  St.,  Lon- j  A  May  16,  1891 

don,  W.  C,  England.  {  M  May  15,  1894 


LOVEJOY,  J.  R. 


General    Manager.    Supply    Dept..  (  .    .     .,  « 

General  Electric  Co.,  Schenec- -^  0;  ^P"*  "'  Iq^! 
tady.  N.  Y.  (  ^*  ^''^'  ^'»  ^^ 

Macfarlane,    Alexander,     D.    Sc„    LL.D.      {Manager.)  ( 

Lecturer  on  Mathematical  Physics  i  A  Jan.  19,  1892 
Lehigh  University,  South  Bethle- |  M  Way  17,  1892 
hem.  Pa.  (^ 


Mailloux,  C.  O. 


(  V I ct'- President.)    Consulting  Elec-  f 
trical  Engineer.  150  Nassau    St.,  J  A  April  15,  1884 
Telephone   3985   Cortlandt.  New  j  M  Oct.    21,1884 


York  City. 


Mansfield,  Art 


:hur  Newhall  Assistant  Electrician,  Ameri-  (  *    j^^ 

can  Telephone  and  Telegraph  Co.,  ■!  m,  »      '       • 
22  Thames  St.,  New  York  City.      {^  J"***  ^'  * 
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Name.  Address.  Date  of  Membership. 

Marks,  Louis  B.,  Af.  M.  K,     President,     Marks      Enclosed  f 

Arc  Light  Co.«  68g  Broadway;  I  A  May  20,  1890 
residence,  51  East  67th  St.,  New  |  M  Jan.  16,  1895 
York  City.  [ 


A  Feb. 


Marks,  William  Dennis,  Ph.B.    C.    E,     President,     The 

American  Electric  Meter  Co.,  9th 
and  Montgomery  Ave. ;  President,  \  ^  \J^' 
C^eneral  Electric  Automobile  C'^     "  ^  ^^^ 
Bourse  Bldg.,  Philadelphia,  Pa 

Metuchen,  N.  J.  \  K  Oct. 


Marshall,  J.  T. 
Martin,  Jruus 


Marvin,  Harry  N. 


Maver,  W1LLIA.M,  Jr. 


Mayer,  George  M. 
Maynari),  Geo.  C. 
McCay,  H.  Kent 

McCluer,  C.  E. 

McCrosky,  James  W. 


McCrossan,  J.  A. 

McMeen,  Samuel  G. 

Mbrshon.  Ralph  D. 
MiLLis,  John 
Mitchell,  James 


Mix,  Edgar  W. 

Molera.  E.  J. 
(18) 


u 


7,  1888 
I.  1888 


I,  1889 


Nov.  12,  1889 

Electrical    Engineer,     16  Oak    St.,  f 

Newark,  N.  J.,  Master  Elec- i  A  Oct.  21,  1890 
trician.  Equipment  Dept..  New  j  M  Nov.  20,  I895 
York  Navy  Yard.  (^ 


Electrical  Engineer  and  Manager, 
Marvin  Electric  Drill  Co.,  Canas- 
tota,  N.  Y. 


J  A  April  19, 
|MJan.    17, 


1892 
1893 


Electrical   Expert    and   Consulting  f 
Electrical  Eng'r,   120  Liberty  St.,  (  A  Julv   12,  1887 
New  York   City;   residence,   227 1  M  April  21,  1891 
Arlington  Ave.  Jersey  City,  N.  J.  (^ 

Enterprise    Block,    5th    Floor,    79  j  A  Dec.  16.  1890 
Fifth  Ave.,  Chicago,  111.  j  M  June  20,  1894 

Smithsonian   Institution,  Washing- j  A  April  15,  1884 
ton,  D.  C.  {  M  Dec.     9,  1888 

Electrical  Engineer  and  Contractor,  (  *    <-     ^     f^     » 
106    E.    German  St..   Baltimore,  -^  Cc  V?^     ,  *    o^ 

Md.  ( ^*  ^*y  *9»  1891 

(ieneral  Manager,  Richmond 
phone  Co.,  Times  Bui 
Richmond,   Va. 


1  Tele-  (  »    *» 

ilding.  \  ^,  ^^^''  ^I» 
^'  I  M  Jan.    17, 


1893 
1894 


Chief  Engineer,  La  Capital  Tramway  f 

Co.  andCompainade  Luzy  Fuerza  j  A  Dec.  20,  1893 

Motriz  de  Cordoba,    Reconquista  |  M  Dec.  16,  1896 
20,  Buenos  Aires,  Argentina.            (^ 

Manager  and    Electrician,  Citizens*  (  a  /-|  .  o  « 

Telephone  and  Electric  Co.,  Rat  S  w  V^  o*  o^^ 

PoriLcOnt.                                    \^\\^^^.  18,1895 


Engineer,  Central  Union  Telephone  (  *    n  q      s 

Co..  1306  Ashland  B]ock,Chicago.  \  ^,  ,,     '   '^  "95 
jlj       "^  *     J  M  Dec.  16,  1896 

Westinghouse    Electric     and    Mfg.  (  A  Mar.  20,  1895 
Co.,  120  Broadway,  N.  Y.  City.      {  M  Jan.    22,  1896 

Captain    of  Engineers    U.    S.    A.,  (  A  July      7,1884 
Willets  Point.  New  York  Harbor.  \  M  Mar.     3,  1885 

Constructing  Engineer  and  Agent, 
General  Electric  Co.,  Caixa  do 
Correio  Xo.  954,  Rio  de  Janeiro, 
Brazil. 


A  Sept.  25,  1895 
M  Mar.  25,  1896 


Electrical  Engineer,    12    Boulevard  j  A   Sept.    3,  1889 
des    Invalides,  Paris,  France.         \  M  Mar.  20,  1895 

C  ivil  and   Electrical  Engineer,   606  j  A  Jan.    16,  1892 
Clay    St.,  San  Francisco,  Cal.         {  M  June     7,  1892 
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Moore,  D.  McFarlan      Inventor,    Moore  Electrical  Co.,  52  j  A  Dec.  20.  1893 

Lawrence  St.,  Newark,  N.  J.  ( M  June  20,  1894 

Morrow,  John  Thomas  Supt.  Electrolytic  Plant,  Boston  and  ( 

Montana  Consolidated  Copper  and  J  A  Dec.  21,  1892 
Silver  Mining  Co.,  Great  Falls,  [  M  April  18,  1894 
Mont.  t 

Neilf.r,  Samukl  G.  Consulting  Electrical  and    Mechan-  f 

ical    Engineer,     Member    of  the  | 


Firm  of  Pierce  &  Richardson,  Con- J  A  April  18, 

^  ;,  ]  M 


suiting  and  Designing  Engineers,  j  M  Dec.    18. 
1405-12      M 
Chicago,  111. 


1405-12      Manhattan      Building, 


Nichols,  Dr.  Edward  L.  Professor    of     Physics,     Cornell  j  A  Oct.     4, 

University,  Ithaca,  N.  Y.  (  M  Dec.     6, 

Nichols,  Geo   P.  Partner,   Geo.  P.   Nichols  &  Bro.,  f 


Elec.   Engineers  and  Contractors,  ^ 
1036  Monadnock  Bldg.,  Chicago, 
111. 


A  Jan.    22, 
M  Nov.  18, 


Noll,  Augustus 


NuNN,  Paul  N. 


O'CoNNELL,  Joseph  J. 


Nicholson,  Walter  \V.     CJeneral  Supt.  Central  N.  Y.  Tele  (  a   »* 

phone    and  Telegraph  Co..  Tele--!  (>  XT^  \\* 
phone  Building,  Syracuse,  N.  Y.   (  **  ^^^  '*'' 

Contracting  Electrical   Engineer,  8  (  *   ^^ 
East    17th    St..    Telephone,    62. -^  w  a      i  7i' 
1 8th;  New  York  City.  (  ^  '^P"*  '*• 

Consulting   Engineer,    San    Miguel  (  *    a     m  _._ 
Cons.  Gold  Mining  Co..  Telluride,  \  Z  ^^k    IV 
Colo.  (  ^  ^^^'  2^' 

Telephone  Engineer,  Chicago  Tele-  (  a   q  ^ 
phone  Co.,  Residence,  76  Eugene-.  ^  Jl^'      '' 
St.,  Chicago.  111.  (  ^  ^^^'  ^°' 

O'Dea,  Michael  Torpey     Professor  of  Applied    Electricity.  (  a    y„^       , 

University  of  Notre  Dame,  Notre  ]  w  ^Ji^  2I* 
Dame,  Ind.  (  ^* 

OUDIN,  Maurice  A.  Electrical  Engineer,  (xeneral  Electric  j  A  June  20, 

Co.,  Schenectady,  N.  Y.  (  M  Nov.  20, 

Owens,  Robert  Bowie    {J'ice- President.)    McDonald     ^ro-f.    t  ««  i-? 

fessor  of  Electrical  Engineering,-!  .-  \^  '' 
McGill  University,  Montreal, P.Q.  {^^  ^^^'  ^5. 

Paine.  F.  B.  H.  Westinghouse     Electric  and    Mfg.  (  *    n^      -^ 

Co.,  47  W.  43rd  Street,  New  ^^  J^^^*  '^» 
York,  N.  Y.  (^  ^^^'  '5. 

Paine,  Sidney  B.  General   Electric  Co.,  180  Summer  j  A  June    8, 

St.,  Boston,  Mass.  ^M  Nov.    i, 

Parker,  Lee  Hamilton     The    Buenos   Aires  and   Belg^ano )  *    * 

Electric  Tramways  Co.,  Calle  V  f:  VrJ^*  5. 
Santa  Ft?  No.  2457,  Buenos  Aires.  )  ^  ^^-  '°' 

Parks,  C,  \Vei.l.man  Civil    Engineer.    U.  S.  N.,    Bureau  (  a    i   » 

of  Yards  and  Docks,  Navy  De--^  w  {J^y  '^• 
partment,  Washington,  D.  C.         (  ^^  ^^^     "» 

Parshall,  Horace  Field      Consulting  Engineer,   83  Cannon  j  A  Sept.    7, 

St.,  London,  Eng.  ^M  Mar.  18, 

Pattison,  Frank  A.  Firm  of  Pattison  Bros,  Consulting  f 

and  Constructing  Electrical  En- J  A  Sept.  22. 
ginecrs.  141  Broadway,  New  1  M  Dec.  16, 
York  City.  l^ 

Pearson,  F.  S.  Engineer,    Room   841,  621    Broad- j  A  Oct.    25, 


way.  New  York  City.  ( M  Feb.  21, 
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JtEj^JBBRS 


n^^ 


Name.  Address.  Date  of  Membership. 

Pedersen,  Frederick  Malling    Office    Enjjineer,   Crocker-  f 

Wheeler  Electric  Co. ,  39  Cortlandt  J  A  Sept.  20,  1893 
St  ;  residence,  39  Washington  )  M  June  24,  1898 
Square,    New  York   City.  I 

Perot,  L.  Knowles  President 


'resident       of       The     Schuylkill  (  *  vr 
Valley    HluminatinK    Co..    PhoeJ^^^^'   ;|- 
nixville,  Pa.  (  ^  ^^^'  "» 


PiCKERNELL,  F.  A. 


Pierce,  Richard  H. 


Pbrrine,  Frederic  A.  C,  Z>.  &-.    (Afanager.)      Professor  off 

Electrical  Egineering,  Leland  I  A  Sept.  16, 
Stanford,  Jr.,  University,  Palo  j  M  Dec.  16, 
Alio,  Cal.  { 

(Manager.)  Chief  Engineer,  Amer. 
Tel.  &  Tel.  Co.,  22  Thames  St 
New   York  City. 

Pierce  &  Richardson,  Electrical  En 
gineers,  1409  and  14 10  Manhattan 
Bldg.,  Chicago;   residence.  5434 
Monroe  Ave;,  Hyde  Park,  111.         \ 

Electrical  tingineer,  Falkenau  En-  (  *    p.  c^ 

gineering  Co.,  7"  Reading  Ter- ^^  ^,  ]l''^'  ^^' 
minal,  Philadelphia,  Pa.  /  **  ^^"-    ^5. 

Manager.    Alton    Railway   and    11-  j  A  Sept.    6, 
luminating  Co..  Alton,  111.  "j  M  Nov.     i, 


;^-  j  A  Feb.     7, 
••|M  Mar.  18, 


A  April  18, 
M  Dec.  20, 


Pike,  Clayton  W.,  B.S. 


Porter, Joseph   F. 


Potter,  Wm.  Bancroft,  Engineer   Railway   Dept.,    General  j  A  Jan.   22, 

Electric  Co.,  Schenectady,  N.  Y.   \  M  Mar.  25, 


Pratt,  Robert  J. 
Puffer,  Wm.  L. 


Rensselaer,  N.  Y. 

(Afana^er.)    Assistant   Professor  of 
Electrical  Engineering,  Mass.  Ins-  ^ 
titute    of    Technology,    Boston ; 
residence,    \Vest  Newton,  Mass. 


jA  July    12, 
( M  Sept.   6, 

A  Dec.  20, 
M  April  17, 


Rae,  Frank  B. 


Reber,  Samuel 


Electrical      Engineer,      804      Fort  (  a    a     -i  ,- 
Dearborn  Bldg.,   134  Monroe  St.,  ]  ^  ^P"'  \\* 
Chicago,  111.  (  *      -*' 

Lieut.  Col.   Signal   Corps,      U.    S.  (  .  q 
c/o    Chief  Sijrnal  Officer,  Wash- j  ^  Sep  .  |0, 
ington,  I).  C  ' 

RECKEN7AUN,  FREDERICK,    Electrical  Engineer,  44  Pine   St.,  j  A  Mar.    6, 

New  York  City.  (  M  June     5, 

(Jeneral  Supt.,  Electric  Dept.,  Brush  )  a    c*  u, 
Elec.  Light  Co.. and  Rochester  Gas  [  f^  \f°-  ^7. 
and  Elec.  Co.,  Rochester.  N.  Y       )  ^^  '^^^^  '7, 


Redman,  Geo.  A. 

Reid,  Thorburn 
Rbist,  Henry  G. 

Rice,  Calvin  Winsor 


Rice,  E.  Wilbur,  Jr. 
Richardson,  Robert  E. 

(19) 


C'onsulting  Electrical  Engineer,  120  j  A  Oct.    21, 
Liberty  St.,  New  York  City.  (M.  June  24, 

Designing  Engineer,  General  Elec-  (at 
trie    Co.,    5    South    Church    St., -^  ij,  |""^  "• 
Schenectady,  N.  Y.  (  ^^  ^^^'  '">' 

Electrician,   Kings  County  Electric 
Light  and  Power  Co.,    Brooklyn.      .    , 
Electrician.     Consolidated     Tele-'  \#  ^  " 'i     a' 
graph  and  Electrical  Subway  Co.,  |  '^  ^P"'  ^^' 
59  Wall  St.,  New  York  City.  I 

Technical    Director,    The    General  \  A   Dec.     6, 
Electric  Co.,  Schenectady,  N.  Y.  (  M  Jan.      3, 

Electrical  Engineer,  Pierce  it  Rich-  f 
ardson.  1409  Manhattan  Building;  J  A  Sept.  19, 
residence,    3910    Calumet    Ave  ,  ]  M  May  18, 
Chicago,  111.  (^ 
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jiEmBERS 


Ribs,  Elias  E. 


RiKBR,  Andrew  L. 

[Life  Member.] 

RoBB,  Russell 

ROBB,  WM.  LlSPENARD 

Roberts,  E.  P. 


Name.  Addms.  Date  of  Membership. 

Ridley,  A.  E.  Brooke      Electrical  Engineer,  Agent,  Siemens  ( 

&  Halske  Electric  Co.,  and  Elec- (  A  Nov.  21,  1894 
trie  Storage  Battery  Co.,  598  Tar-I  M  Nov.  23,  1898 
rot  B'Idg.  San  Francisco,  Cal.        (^ 

Electrical  Engineer  and   Inventor,  f 
1242  New   York   Life  Insurance  I  A  July   12,  1887 
Bldg.  ;  residence,  4  W.  115th  St.,  j  M  Sept.    6,  1887 
New  York  City.  (^ 

Electrical  Engineer,  The  RikerElec-  (  a  xj  _    .ao^ 

trie  Motor  Co,  45  York  St.,  Brook-  J  V,  ^^^Z'  r  J*  llll 
lyn;  residence.   Stamford.  Conn.    (  ^  ^^^'   "*  "^5 

With  Stone  &  Webster.  4  P.  O.  (  A  Oct.  18,  1893 
Square,  Boston,  Mass.  (  M  May  21,  1895 

Professor  of  Physics,  Trinity  Col-  {  A  Dec.  16.  1891 
lege.  Hartford,  Conn.  }  M  Mar.  15,  1892 

E.  P.  Roberts  &  Co.,  Electrical  and  C 
Mechanical    Engineers,    Brainard  I  A  Jan.      6,1885 
Block,  Telephone  2656,  Cleveland,  |  M  Feb.     3,  1885 
O.  [ 

Electrical   Engineer,   care   General  {.   ^  « 

Electric  Co.,  420  W.  4th  Street,  \^  ^Jf*'  ^J'  ]^l 
Cincinnati,  O.  |M  May   16.1893 

Electrical  Engineer,  with  General  j  A  Nov.  i,  1887 
Electric  Co.,  Schenectady,  N.  Y.   JM  May     I.  1888 

Lieut.  U.  S.  N.,  in  charge  of  Inspec-  f 
tion  and  Installation,   U.  S.  Navy  J  A  Sept.  iq,  1894 
Yard,     New     York  ;      residence,  j  M  May   19,  1896 
Cranford,  N.  J.  t 

Professor  of  Physics,  Wesleyan  Uni-  j  A  Feb.  17,  1897 
versity,  Middletown,  Conn.  (M  May  18,   1897 

Electrical  Engineer,  The  Royal  j  A  Sept.  20,  1893 
Electric  Co.,   Montreal,  Can.  (  M  Nov.  21,  1894 

Mechanical  and  Electrical  Consul-  (ac  fonvfio 
ting  Engineer.  17  St.  John  St..  ]tT^^.  ?2'  \lll 
Montreal,  P.  Q.  ( ^  ^P"*  ^*»  "^3 

RouQUETTE,  William  F.  B.     Proprietor,    Rouquette  &  Co.,  j  A  Mar.  21,  1894 

"  <M 


RoDGERS,  Howard  S. 

RoHRER,  Albert  L. 
Rollbr,  John  £. 


Rosa.  Edward  B. 
Ross,  Norman  N. 
Ross,  Robert  A. 


[Life  Member.] 

Ryan,  Harris,  J. 
Sachs,  Joseph 


47  Dey  St.,  New  York  City.  }  M  Dec.  19,  1894 

Professor  of  Electrical  Engineering,  <  A  Oct.     4,  1887 
Cornell  University,  Ithaca,  N.  Y.  '(  M  April  17,  1895 


Electrical    Engineer,    The  Johns-  (am 
Pratt   Company:   residence,    22o-{  «,  j^*^*  JJ* 
Collins  St.,  Hartford  Conn.  (  ^  ^^^'  *5. 


1892 
1897 


Salomons.  Sir  David  Lionel,   Ban.   M.  A,,  Engineer  and  f 


[Life  Member] 

Sampson,  F.  D. 
Sands,  H.  S. 

Sargent,  William  P. 

Scheffler,  Fred.  A. 
(ao) 


Barrister.  Broomhill,  Tunbridge  1  A  Feb.  7,  1888 
Wells,  Kent,  and  49  Grosvenor  1  M  May  i,  1888 
St.,  London,  W.  England.  (^ 

Manager,   Charlotte   Electric  Light  j  A  Aug.    5,  1896 

and  Power   Co.,  Charlotte.  N.  C.  J  M  Oct.  27,  1897 

Consulting  and  Constructing  Electri- (  *    i?  u  «»        a 

cal    Engineer,    1153   Market   >i^    J  A  t'eD.  21.  I893 

Wheeling,  W.  Va. 


^^••1m 


Nov.  21.  1894 


General    Manager,  N.  Y.  &  N.   J.  (  *    a    Ji\  ^,    ,qq 
Tel.    Co.,    81     Willoughby     St.. -^  ^^  ^P™  i?.  1884 
Brooklyn.   N.  Y.  ]  ^  ^«*>-  "»  '®94 

(ieneral  Factory  Manager.  Sprague  (  .  ^  .     ^ 

Electric  Co.,    Bloomfield,   N.  J.;^^^*^     ?'    2?2 
residence,  Passaic,  N.J.  |  M  Jan.   26.  1896 
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Name. 

ScHMiD,  Albert 

SCHOBN,  A.  M. 


Scott,  Charles  F. 


Scott,  James  B. 


Address. 


Date  of  Membership. 


Superintendent,  Westinj^house  Elec- j  A  Oct.  21,  1890 
trie  and  Mfg^.  Co.,  Pittsburg,  Pa.  (  M  April  17,  1895 

Electrician.    South    Eastern    Tariff  (  *   o.-^^   «^   -a^. 


Association,    Norcross    Building,  \  ^  X^'  fj'  'S?J 
Atlanta.  Ga.  '  ^  ^^'  '^«  '®^ 


Chief    Electrician,     Westinghouse 
Electric  and  Mfg.  Co.,  Pittsburg 
Pa. 

Consulting  Electrical,  and  Mechani- 
cal Engineer.  227  East  German 
St.;  residence,  847  Ducatel  St,, 
Baltimore  Md. 


^  3  A  April  19,  I 
•  "i  M  Jan.    17,  I 


892 
893 


\ 


A  Aug.    5,  1896 
M  May  17,  1898 


Sever,  George  F. 

Shaw,  Edwin  C. 
Shea,  Daniel  W. 


{Manager.)   Instructor  in  Electrical  (  a    1  «     17   180^ 
Engineering,  Columbia  University,  j  j^  i^^^  ^J'  ^^94 

A  May   17,  1892 
M  Feb.  27,  1895 

ics.  Catholic  Uni-  (  *   t\ 

ica.   Washington.]  A  De..o.. 


New  York  City. 
Mechanical   Engineer,    The    B.    F.  jA  May   17,  1892 


Goodrich  Co.,  Akron,  O. 

Professor  of  Physics 
versity  of  America 
D.  C. 


893 
894 


Sheldon,  Samuel,  A.  M,,  Ph.D.    (Manager.)    Professor  of 

Physics  and  Electrical  Engineer-^ 
ing,    Polytechnic   Institute,   198^ 
Schermcrhorn  St. ,  Brooklyn, N.Y. 


A  Dec.  16,  1890 
M  Oct.    27,  1891 


Shepardson,  George  D.  Professor  of  Electrical  Engineering,  (  a   a     m  «       0 

University  of  Minnesota,  Minne  J  Cr  t ^"  21'  Iq?I 

I*      xn-  J  M  Jan.  22.  1806 

apolis,  Mmn.  (       ^  •      ^^ 

Electrical    Engineer,    The    Tucker  (at  ,.,     o 

Electric  Co.,  950  Bedford  Ave., -^  Ci  W  il'    VH 

Brooklyn,  N.  Y.  '  ]  M  Feb.  26,1896 


Sinclair,  H.  A. 

Smith,  Frank  Stuart 
Smith,  Jesse  M. 


Smith,  T.  Carpenter 


Spaulding,  Hollon  C. 


Sperry,  Elmer  A. 


A  Oct,   27,  1891 
M  Dec.   16,  1 891 

A  April  21,  1891 
M  June  20,  1894 


Supt.   Lamp  Factory,  Sawyer-Man  j  A  Sept.  27,  1892 
Electric  Co.,  Pittsburg,  Pa.  (  M  April  18,  1893 

Expert  in  Patent  Causes,  Consulting  f 
Electrical  and  Mechanical  Engi-  I  A  April  15,  1884 
neer,  36   Moffat    Block,    Detroit.  \  M  June  26,  1891 
Mich.,  and  218    Broadway,    New  I 
York   City.  [ 

Mechanical  and  Electrical  Engineer, 
650  Drexel  Building.  Philadelphia, 
Pa. 

Electrical  Dep't.,  H.  W.  Johns  Mfg. 
Co.,  Siemens  &  Halske  Electric 
Co.,  77  Pearl  St.,  Boston,  Mass. 

Electrical  Engineer,  Sperry  Electric  ( 
Railway  Co.,  Mason  and    Belden  J  A  April  19,  1892 
Sts. :   residence,    855   Case  Ave.,1  M  Feb.  21,  1893 
Cleveland.  O.  (^ 

(Past-Presiiifftt.)  Vice-Prest.  Sprague  f 

Electric  Elevator  Co..  Postal'lele- I  A  May  24,  1887 
graph  lildg.,  22  Broad  St.,  and  182  j  M  Feb.  17,  1897 
West  End  Ave.,  New  York  City.     (^ 

(F<V<r-/'r<rjiV/^«/.)  Electrical  Engineer  )  A  Dec.     6,1887 
and  Inventor,  Pittsfield,  Mass.        \  M  Oct.    26,  1898 

Stearns,  Charles  K.  i?.^.  6oJState  Street,  and  85  Westland  \  A  Aug.    6,  1889 

Avenue,  Boston,  Mass.  \  M  May   16,  1893 

Stearns,  Joel  \V.,  Jr.      Treasurer.   Mountain    Electric  Co.,  j  A  June  20,  1894 

Box  1545,  Denver,  Col.  {  M  Nov.  20,  1895 

(19) 


Sprague,  Frank  J. 


Stanley,  William 


rt2 


mEMBBiRS 


Name. 

Stebbins,  Theodore 

Steinmetz,  Charles  P. 
Stephens,  George 


Address. 


Enfi: 


Date  of  Membership. 
9 


njfineer  of  Committee  on   Local  (  a   j  i 
Companies,  General  Electric  Co.,  •(  w  -l    ^    .? 
Schenectady.  N.  Y.  (^  J""«  '7 

{Manager.)     Electrician,      General  j  A  Mar.  i8 
Electric  Co.,  Schenectady,  N.  Y.  (  M  April  2i 

General    Supt.,   Canadian    General  j  A  June   20 
Electric  Co.,  Ltd.,Peterboro,  Ont.  (  M  Dec.    18 


Stibringer,  Luther  ]        Electrical  Expert,    Beard  Building,  j  A  June 

120  Liberty  St.,  New  York  City.    (  M  Nov. 

Stillwell,  Lewis  B. 


Stott,  Henry  G. 
Taintor,  Giles 


Taltavall.  Tkos.  R. 


8 
I 

{Manager.)      Electrical      Director,  f 
Niagara  Falls   Power  Company,  J  A  April  19 
and    the    Cataract    Construction  |  M  Nov.  15 
Co.,  Niagara  Falls,  N.  Y.  \ 

Electrical  Engineer,    Buffalo  Gen'l  J  A  Sept.  25 
Electric  Co..  Buffalo,  N.  Y.  1  M  April  22 

Sup't.  Right  of  Way,  and  Statistical  f 
L'epartment,    New  England  Tele- J  A  June  26 
phone    and  Telegraph   Co.,    125  |  M  Dec.  16 
Milk  St.,  Boston,  Mass.  (^ 

Associate  Editor,  Electrical  World,  i  a    i         ^^ 

'  'A  Jan.    20 

M  Oct.   27 


'^! 


Terry,  Charles  A. 


louse  Electric  and  (  *    a     m    - 
Broadway.   Newjj^Ap^',5 

fic  Coast   Engineer.  Stanley  (aw 

ric  M'fg  Co  ,  300  California -^  (;  t  ^'^^  «? 

t.  San  Francisco,  Cal.  (  ^  J"°«  ^^ 


and  Electrical  Engineer    g  Mur 
ray  St.,  New  York  City. 

Lawyer,  Westingh 
Mfg.   Co.,    120 
York  City. 

Theberath,  Theodore  E.     Pacific 

Electric 
Street 

Thomas.  Benjamin  F.,       Professor   of    Physics,    Ohio  State  j  A  June    7 

University,  Columbus,  O.  J  M  Nov.  15 

Thomson,  Prof.  Elihu   (^Past  President).     Electrician,  Gen-  f 

eral  Electric,  and  Thomson  Elec  J  A  April  15 
trie  Welding  Companies.  L}'nn,|  M  April  21 
Mass.  L 

Consulting  Electrician  and  Solicitor  (  a  a  m  .- 
of  Patents,  81  Fulton  Street,  \  ^  fJP"'  ^\ 
New  York  City.  (  ^  ^^-     ^ 

Electrical  Engineer  and  Proprietor  j  A  April  22 
Thresher  Electric  Co.,  Dayton.  O.  {  M  June  24 

Manager,     Thomson- Houston     In-  (  a   /-v  ^ 
ternational  Elec.  Co.,  27  Rue  de  -(f^  VJ 
Londres,  Paris,  France.  (  ^  ^*^^* 


Thompson,  Edward  P. 


Thresher.  Alfred  A. 
Thurnaurr,  Ernst 


14 
6 


Tischendoerfer,  F.  W. 
Trafford,  Edward  W. 


Turner,  William  S. 


Uebelacker,  Chas.  F. 

Uhlenhaut,  Fritz,  Jr. 
Upton,  Francis  R 

(21) 


Electrical    Engineer,   SchUckert    &  \  A  April  19 
Co.,  Nuremberg,  Germany.  \  M  Nov.  21 

Electrical  Engineer,  Richmond  Rail-  (  a   p  u 
way  and  Electric  Co.,  Foot  of  7th  Xv.  W°'   , 
St.;  Richmond,  Va.  |M  Dec.  19 

Consulting  and  Constructing  Elec-  f 
trical  and  Mechanical  Engineer,  J  A  Dec.     7 
Room  1408,    141  Broadway,  New  )  M  Oct.      2 
York  City.  L 

The    Peckham    Motor    Truck  and  (  a   i,-  k 
Wheel  Co.,  262  Broadway,  Kings-  <  fi  ir^'  J 
ton,  N.  V.  (  ^  ^°^-  '5 

Whitestone,  L.  I.  jA  May     7 

( M  Dec.  19 

Edison  Laboratory,  Orange,  N.  J.  j  A  May  17 

(  M  Mar.  15 
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Name. 


Address. 


Date  of  Membership. 


Vail,  J.  H 


Vansize,  William  B. 


Engineer  -  in  -  Chief,      Philadelphia  f 
Manufacturing  Light  and    Power  |  A  June     8,  1887 
Co.,    and  Edison  Electnc    Light -{  M  Nov.    i.  1887 
Co.,  loth  and  Sansom  Sts.,  Phila-  I 
delphia,    Pa.  t 

Solicitor  of  Patents  and  Expert.  253  1  .    Aoril  i«;    i88d 

Van  Trump,  C.  Keginalu  Engineer  and  Manager.  Wilming-  (  »    1?  u      *    ,qqa 

on    City  Llecmc  Co..  Wilmmg--,^  j.,  J 

ton,  Del.  (  '      '^ 

Waddell,  Montgomkrv   Consulting    Engineer.    72    Trinity  iA  Feb.     7,  1888 

Place,   New  York  City.  \  M  May     i.  1888 

Wait,  Henry  H. 


Assistant  Electrical  Engineer.  West-  (  a  q^  « 

em    KU-ctrk   Co..  49-9    Ma^i^" -j  j^, ^^c  lo,"  S 


Waldo,  Dr.  Leonard 

Walker,  Sydney  F. 
Waring,  John 
Warner,  Ernest  P. 

Waterman,  F.  N. 
Weaver,  W.  D. 

Webb,  Herbert  Laws 

Weeks,  Edwin  R. 
Wellkr,  Harry  W. 
Weston,  Edward 


Ave.,  Chicago,  111. 

Electrical  Engineer,  Secretary,  The  (  *    ,  «q« 

Waldo  Foundry.  57  Coleman  St..     ^  June     5.  1888 
Bridgeport,  Conn.  (  ^* 

Electrical      P3ngineer.     195    Severn  <  A  June     2,  1885 
Road,  Cardiff.   Wales.  \U  May  17,  1887 

Ovid.  N.  Y.  ^A  Dec.  16,  1890 

JM  April  17,  1895 

Electrical  Engineer,  Western   Elec-  (  *    c^q*   «©    iSo** 

trie   Co.;    residence,   402    Belden -;  w  1  .«J  «^'  ,al? 
A         /'u-  Til  /M  June  20,  1804 

Ave.,  Chicago,  III.  (  •      ^t 

Electrical    Engineer,  Westinghouse  L^  ^^^    ^^    ^g 

Electric  and  Mfg.  Co..  120  Broad-  •!  x-  ,      *  «   '  ,©   f 

VI       \'    1   /'•»  JM  June  20,  1804 

way.  New  \ork  City.  (  »      vt 


Editor 
trical 
26th 


Elec  tried  I  World,  ami  EleC'  (  a    \ i        ».,    iRR't 
'.E„Kim-cr;  residency  7  West  ^j^,  ,^^     ^     gg 
Street  New  York  City.  (  j      i^         i 

(.JA,«,Ur/- )   18    Cortlandt  St.;  rcsi- U   Qct.    21.  1890 
Yo"rk'cUv.  -^'*JMDec.  16.18^ 


706  Wall  St.,  Kansas  City,  Mo. 


Wetzlkr.  [oseph 


Wharton,  Chas.  J. 


jA  Sept.  6,  1887 

{  M  Nov.  I,  1887 

Electrical    Engineer.      R(«om    206,  (A  Oct.  21,  1890 

Equitable  Building,  Boston, Mass.  (M  Nov.  24,  1891 

{Past  President.)       Vice-President,  f 

Weston      Electrical      Instrument  J  A  April  15,  1884 

Co  ,    120   William    St.,    and    645  j  M  Oct.  21,  1884 
High  St.,  Newark,  N.  J.                  [ 

rrcsident.     The     Electrical     Engi-  | 

ncer  Institute  of    Correspondence  !  A  April  15,  1884 

ln«;truction,  120  Liberty  St.,  New  ;  M  Dec.  9,  1884 
York    City.                                            L 

Palace      Chambers,      Westminster,  <A  Jan.  3,  1888 

London,  Eng,                                     \  M  May  i,  1888 


Wheeler.  Schuyler  Skaais.   Si.D.      President,     Crocker-  f 

[Life  Member.] 


Wheeler  Electric  Co.,  39  C'ortlandt  I   *    y 
...       v     \ •  1     \     ~  v     r  .  '  ■'*   June     z,  I 

St.,    N.    \.,    and   Ampere,  N-  J.:^  M  Sent      I    I 
residence.  4    West   33d  St.,  New  |  '         ^  '      ' 


885 
885 
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AfBtAfBBJRS, 


Name. 

White,  Will  F. 


White-Fraser,  Geo. 
Wiener,  Alfred  E. 


Wilcox,  Norman  T. 
Wilkes,  Gilbert 

WiLLYOUNG,  KlMER  G. 

Wilson,  Charles  H. 

Wilson,  Fremont 
Wilson,  Harry  C. 

Winchester,  A.  E. 


Address.  Dale  of  Membersh 

Electrical  Engineer,  ist   VicePresi-  f 
dent  and  General  Manager.    New  /  A  Feb.     7 
Omaha  T.-H.  Electric  Light  Co.,  |  M  July   27 
309  So.  13th  St.,  Omaha,  Neb.       (^ 

A/^m.  Can.  Soc.  C.  E,\  18  Imperial  j  A  Sept.  22 
Loan  Building,  Toronto,  Ont.        {  M  Dec.    18 

Chief  Instructor,  The  Electrical  En-  f 
gineer  Institute  of  Correspondence  j  A  May   16 
Instruction,   120    Liberty  Street,  |  M  May  15 
New  York.  (^ 

Sup't  Chattanooga  Light  and  Power  \  A  May    21 
Co.,  Chattanooga,  Tenn.  \  M  Jan.    22 

Consulting     Electrical      Engin 
1112 
Detroit 

E.  G.  Willyoung  &  Co.,  Scientific  (  ^  j^^^ 
Instruments  and  Apparatus,  938  •<  j^  j^^^*  ^J 
Market  St.,  Philadelphia.  ( 

General 


ing     Electrical      Engineer,  (  ;^  j^n       7 
Union      Trust     Building,  j  ^  -J^^;   ,^ 
>it,  Mich.  ( 


reneral     Manager,    Southern   Bell  f  *    jj^y   jd 
Telephone  Co.,  26  Cortlandt  St..  -J  w  jTpU*  .5 


New  York  City. 

Electrician,  66  Maiden  Lane,  (Tele- 
phone, 165 1  Cortlandt)  New  York 
City:  residence,  Yonkers,  N.  Y. 

Supt.  of  P.  O.  Telegraph  with  the 
Government,  Kingston,  Jamaica, 
West  Indies. 


A  Mar.    6 
M  June     5 

A  Jan.    ig 
M  June     7 


Consulting  Engineer  and  Designer  C  .    .  g 

of  Electric  Systems,   South  Nor-  X  »,  <^ 
walk.  Conn.  ( 

WiNSLOW,  Geor(.k  IIerhert    Consulting  Electrical  Engineer,  (  .   a-_m 

82   &  83  Schmidt  Building,   339  \  m  k^k    1 


Fifth  Ave.,   Pittsburgh,  Pa. 


Wolcott,  Townsend 


WOLVERTON,  B.  C. 


Electrician.  455  Bowling  (^reen  ( ^  ^^^  ^ 
Building, NewYorkCity.  Residence -{  »#  n  /»'  tA 
329  Clinton  St..  Brooklyn,  N.  Y.    (  ^  ^^^-  ^° 


Electrician 
and 


ician,  N.  Y.  &  Pa.  Telephone  jA  Mar.  18 
Telegraph  Co.,  Elmira,  N.  Y.  <  M  Feb.  21 


WoRDiNGHAM,  Chas.  H.  City  F^lectrical  Engineer.  The  Man-  f 

Chester  Corporation  Electric  Light  I  A  July  27 
Station,  Dickinson  Street,  Man- |  M  Oct,  26 
Chester,  England.  [ 

Wright,  Peter  President.    Virginia   Electric    Com-  \K  May  16 

pany,   Norfolk,  Va.  \  M  Jan.   16 

WuI^^s,  Alexander  Jay  Wcstingholise  Electric  &  Mfg.  Co.,  j  A  April  19 

Pittsburg,  Pa.  \  M  Nov.  15 


Young,  C.  Griffith 


Electrical    Engineer,     J.  G.   White 


A  Jan.      3 


l.,^";.7°\.^''"'""'=  '*"'"'""f-     M^Aprila? 


Baltimore,  Md 


ip. 
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Name. 

Abbe,  Cleveland 


Abbott,  Henry 


Abella,  Juan 


Adab,  Chas.  Flamen 


ASSOCIATE  MEMBERS. 

Address. 

Professor  of  Meteorology.  The 
Weather  Bureau,  residence  2017  I 
St..    N.    W.  Washington,  D.  C. 

President,  Calculagraph  Co. ,  2  Maiden 
Lane,  N.  Y. ;  residence,  32  So. 
Clinton  St.,  East  Orange,  N.  J. 

Director  General  of  Public  Lighting, 
Buenos  Aires  ;  residence,  691  Calle 
Bolivar.  Buenos  Aires,  Argentine 
Republic. 

67  Madison  Ave.,  P.  O.  Box,  2809; 
New  York  City 


Adams,  Comfort  A.,  Jr.  Assistant  Professor  of  Electrical  Engi- 
neering. Harvard  University,  13 
Farrar  St.,  Cambridge,  Mass. 


Adams,  Ernest  K. 


Adams,  Frank  Pierce 


Graduate  Student,  Columbia  Univers- 
ity ;  residence,  455  Madison  Ave., 
New  York  City. 

F!lectrician.  Stockton  Cias  &  Electric 
Co.,  residence,  171  N.  El.  Dorado, 
St.,  Stockton,  Cal. 


Adams,  Julius  Le  Kov     Chief  Engineer,  Hartford,  Manchester 

&    Rockville  Tramway    Co.,  Man- 
chester, Conn. 


Adamson,  Daniel 

Agnew,  Cornelius  R. 

Albanese,  G.  Sacco 

Albert,  Henry 
Alden,  James  S. 

Aldrich,  William  S. 
Alexander,  Harry 


Allan,  John 
Allen,  Wyatt  H 


Manager  Joseph  Adamson  &  Co., 
Hyde,  Cheshire,  England. 

Electrical  Engineer.  7  Nassau  St., 
23  West  3gth  St.,  New  York  City. 

Electrical  Engineer.  Tramways  Elec- 
triques  de  Nice,  Nice,  France. 

Electrical  Engineer,  815  Main  St., 
Jacksonville,  Fla. 

Assistant  Manager,  with  L.  H.  Alden, 
486  River  Drive,  Passaic,  N.  J. 

Professor  of  Mechanical  Engineering 
West  Virginia  University,  P.  O. 
Box  256,  Morgantown,  W.  Va. 

Electrical  Engineer,  (leneral  Manager 
and  Vice  Prest.  Alexander-Chamber- 
lain Electric  Co..  25  West  33rd  St., 
and  18  and  20  W.  34th  St..  Tele- 
phone   3767-38th,   New  York  City. 

Full  Partner,  H.  H.  Kingsbury  &  Co., 
54  Margaret  St.,  Sydney,  N.  S.  W. 

Care  H.  F.  Allen,  202  California 
St.,  San  Francisco.  Cal. 


Date  of  Election. 


Nov.  23,  1888 


Apr.  28,    1897 


Aug.      5,  1896 
Dec.   16,   1896 

Jan.     17,  1894 

July    27,  1898 

Feb.    15,   1899 

Feb.  15.  1899 

Feb.  26,  1896 

Mar.  21,  1894 

Sept.  20,  1893 

Feb.    21,  1893 
May    19,  1 89 1 

Mar.    15,  1892 


April  21,  1891 
Dec.  28,  1898 
Apr.    27,  1898 


Allen,  Walter  Cummings,  Electrical  Engineer  of  the  Govern- 
ment of  District  of  Columbia,  Dis- 
trict Building,  Washington,  D.  C.        June   24,   1898 

(18) 


776 


ASSOCIATE  MEMBERS 


Name. 

Anderson,  Henry  S. 


Andrews,  William,  C. 


Anthony,  Watson  G. 


Appleyard,  Arthur  E. 


Archbold,  Wm.  K. 


Archer,  Geo.  F. 


Armstronc,  Albert  II. 


Ashley,  Frank  M. 


Atkins,  Harold  B. 


Atwood,  George  F. 


Austin,  Sydney  B. 


Ausrbacher,  Louis  J. 

Babcock,  Clifford  D. 
Badeau,  Isaac  F. 

Balcome,  Herbkrt  a. 

Baldwin,  Alfred  De  V. 

Baldwin,  Jas.  C.  T. 

Ball,  Wm.  D. 

Balslry,  Abe 

Bancroft,  Chas.  V. 
Bangs,  Chas.  R. 

(21) 


Address. 

General  Manager  and  Electrician, 
United  Electric  Light  Co.,  Spring- 
Held,  Mass. 

Electrical  Engineer,  Hotel  Margaret, 
Brooklyn,  N.  Y. 

Electrician,  32 V^  Webster  St.,  New- 
ark, N.  J. 

Manager  and  Engineer,  Natick  Gas 
and  Electric  Co.,  Natick,  Mass. 

Westinghouse  Electric  and  Mfg.  Co. 
120  Broadway,  New  York  City. 

Electrical  Engineer,  31  Burling  Slip, 
New  York  City. 

Electrical  Engineer,  General  Electric 
Co.,  Schenectady,  N.  Y. 

Master  Mechanic.  Ashley  Engineering 
Co.,  95  Liberty  St.,  New  York. 

Draughtsman,  Electrical  Vehicle  Com- 
pany, 1684  Broadway,  New  York 
City  ;  residence,  Roselle,  N.  J. 

The  Atwood  Power  and  Speed  Gage 
Company.  q5  Liberty  St.,  New  York 
City ;  residence,  20  Hurlbut  St., 
Orange,  N.  J. 

Hadaway  Electric  Heating  and  En- 
gineering Co  ,  T07  Liberty  Street; 
residence,  no  E.  i8th  Street,  New 
York. 

Electrical  Engineer,  39  Cortlandt 
St.,  New  York  City. 

[Address  unknown.] 

General  Electric  Co.;  residence,  815 
Locust  Ave..  Schenectady,  N.  Y. 

With  The  B.  K.  Sturtevant  Co., 
Jamaica  Plain  Station,  Mass. 

i^elling  Agent,  Crocker-Wheeler  Elec- 
tric Co  .  P.  O.  Box,  267  ;  residence, 
206  W.  81  St.,  New  York. 

Superintendent  Bell  Telephone  Co.,  of 
Mo. ;  loth  and  Olive  Sts.,  St.  Louis, 
Mo. 

Consulting  Electrical  Engineer.  Nagle 
and  Ball,  New  York  Life  Building. 
Chicago,  111. 

Chief  Electrician,  Terre  Haute  Electric 
Railway  Co.,  f;T4  No.  Center  Street. 
Terre  Haute,  Ind. 

Electrical  Engineer,  Lowell  and  Sub- 
urban Street  Railway,  Lowell,  Mass. 

Special  Agent,  American  Telephone 
and  Telegraph  Co.,  15  Dey  St., 
New  York. 


Date  of  Election 

Jan.  16,  1895 
May  21,  1895 
Feb  24,  1 891 
Aug.  5,  1896 
June  20,  i894< 

Nov.  21,  1894 
June  24.  1898 
Nov.  21,  1894 

June  23,  1897 


Sept.  16.  1890 


Sept.  25,  1895 

Sept.  20,  1893 
Feb.  21,  1894 

Feb.  26,  1896 

Oct.  27.  1897 

Aug.  13,  1897 

April  17.  1895 

Nov.  20,  1895 

Oct.  27,  1897 
Dec.  18,  1895 

Jan.  26,  1898 


ASSOCIATE  MEMBERS 


777 


Name. 

Banks,  William  C. 
Barbour,  Fred  Fiske 


Address. 

Electrician,  Gordon-Burnham  battery 
Co.,  594  Broadway,  New  York  City. 

Manager,  Power  and  Mining  Depart- 
ment, Pacific  District,  General 
Electric  Co.,  Claus  Spreckels  Bldg., 
San  Francisco,  Cal.,  and  1673  Valdez 
St.,   Oakland,   Cal. 

City  Electrician  and  Electrical  Expert 
to  State  R.  R.  Commission,  Roch- 
ester, N.  Y. 

Electrical  Expert,  Fort  Wayne  Elec- 
tric Co.,  Fort  Wayne,  Ind. 

Electrician  and  Superintendent,  Am- 
herst (jas  Co. ,  Amherst,  Mass. 

President  Western  Electric  Co.,  227 
South  Clinton  St.,  Chicago,  111. 

Electrical  Engineer,  General  Electric 
Co.,  44  Broad  St.,  New  York  City. 

Engineering  Department,  Crocker- 
Wheeler  Electric  Co.,  39  Cortlandt 
St.,  New  York  City. 

Ingeniero,  Mexican  General  Electric 
Co  ,  Apartado  403,  City  of  Mexico. 

Manager  and  Superintendent,  The 
Beattie  Battery,  Zinc  and  Electric 
Co.,  Fall  River,  Mass. 

Superintendent  Construction,  Toledo 
Traction  Co.,  Toledo,  O. 

Instructor  in  Electrical  Engineering, 
University  of  Wisconsin  ;  lesidence, 
271  Langdon  St.,  Madison,  Wis. 

Electrical  Engineer,  Western  Electric 
Co.,  22  Thames  St.,  New  York; 
residence.  921  St.  Nicholas  Ave., 
New  York. 

Electrical  Engineer,  Crocker-Wheeler 
Electric  Co. ;  1515  Old  Colony  Build- 
ing, Chicago,  111. 

Electrician  and  Engineer,  Diehl  &  Co., 
Elizabethporl,  N.  J.,  and  19  West 
33d  St.,  Bayonne,  N.  J. 

Electrician,  Cieneral  Electric  Co.,  44 
Broad   St.  "New  York  City. 

Bbnoi.iel,  Sol.  D.,  B.  S.,  E.  E.,  A.  /)/.  Consulting  Electrical  En- 
gineer, Adelphi  College,  Brooklyn, 
N.  Y. 


Date  of  Election. 


May    18,  1897 


Barnes,  Chas.  R. 


Barnes,  Edward  A. 


Barry,  David 


Barton,  Enos  M. 


Bates,  Frederick  C. 


Bates,  Putnam  A. 


Beames,  Clare  F. 


Beattie,  John,  Jr. 


Bfchtel,  Ernest  J. 


Beebe,  Murray.  C. 


Bell,  Ora  A. 


Beli.man,  John  Jacob 


Bennett,  Edwin  H.,  Jr. 


Bennett,  John  C. 


Bentley,  Merton  H. 


Berg,  Ernst  Julius 


(19) 


Chicago  Telephone  Co. ;  residence, 
22 [  Scoville  Ave..  Oak  Park,  III. 

Engineer,  General  Electric  Co.;  resi- 
dence, 243  Libertv  St.,  Schenectady, 
N.  Y. 


May  16,  1893 

Aug.  13,  1897 
Sept.  20,  1893 
Aug.  5.  1896 
July  12,  1887 
Jan.  20,  1 891 

Jan.  20,  1897 
May  21,  1895 

Sept.  6,  1887 
Mar.  24,  1897 

Jan.  26,  1898 


Aug.  5,  1896 

Dec.  28,  1898 

June  20,  1894 

Mar.  18,  1890 

Oct.  21.  1896 

Oct.  18,  1893 

Sept.  19,  1894 
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Name.  Address.  Date  of  Election. 

BsRG,  ESKIL  Electrical    Engineer,    Gen'l    Electric 

Co.,  Schenectady,  N.  Y.  Nov.    20,  189s 

Bergholtz,  Herman         Secretary  and  Treasurer,  Ithaca  Street 

Railway  Co.,  Ithaca,  N.  Y.  April     2,  1889 

Berliner,  Emile  Inventor.    Columbia    Road,   between 

Fourteenth  and  Fifteenth  Sts., 
Washington,  D.  C.  April  15,  1884 

Berresford,  Ari'HUR  \V.,  B.  S.,  M.  E.     Vice-Pres't  and  Supt. 

Iron  Clad  Resistance  Co.,  Westfield, 
N.  J.  May    15,  1894 

Best,  A.  T.  Electrical  Engineer,  Florida  East  Coast 

Hotel  System,  St.  Augustine,  Fla.       April  19,  1894 

Bethell,  U.  N.  General    Manager,    The    New    York 

Telephone  Co.,  15  Dey  St.,  New 
York  City.  Jan.     17,  1894 

Betts,  Hobart  D.,  E,  E.,  Room  517.  141  Broadway,  New  York, 

N.  Y. ;  residence,  Englewood,  N.  J.    Aug.      5,  1896 

BiDDLE,  James  G.  Drexel  Bldg.,  Philadelphia.  Pa.;    resi- 

dence, 264  Rittenhouse  St.,  German- 
town.  Pa.  Aug.     5,  1896 

BijUR.  JosEPk,  A,B.^  E.  E.  Electrical  Engineer,  20  Broad  St,; 
LLifc  Member.]  residence,   172  West  75th  St.,   New 

York  City.  May    15.  1894 

Black,  Cuas.  N.  Wesiinghousc  Electric  and  Mfg.  Co., 

Land  Title  Building.  Philadelphia,  Pa.     April  19,  1890 

Black,  Howard  D.  With  Blackall  &  Baldwin,  39  Cortlandt 

St.;  house,  340  Manhattan  Ave., 
New  York,  N.  Y.  S^ept.  15,  1897 

Blackall,  Frederick,  S.     P.  O.  Box,  267;  office,  39  Cortlandt 

St.;  residence,  51  Manhattan  Ave., 
New  York.  Sept.   15,  1897 

Blake,  Henry  W.  Editor,    Street  Railway  Journal,    26 

Cortlandt  St.,  New  York  City.  Nov.   13.  1888 

Blake,  Theodore  W.       Electrical  Engineer,  410  Bleecker  St., 

New  York,  N,  Y.  Sept.  20.  1893 

Blanchard,  Charles  M.  Wintcrburn,  Pa.  Sept.  19,  1894 

Blaxter,  Geo.  H.  Vice-President  and  General  Manager, 

Allegheny  County  Light  Co.,  West- 
inghouse  Building,   Pittsburg,  Pa.         Sept.  25,  1895 

Bliss,  William  L.,  B.  5.,  M.  M.  E.     Electrical    Engineer.    128 

Front  St..  New  York  City;  residence, 
505  Throop  Ave.,  Brooklyn,  N.  Y.  Mar.    21,  1894 

Blizard,  Charles  Manager  of  New  York  Office.  Electric 

Storage  Battery  Co.,  22  Broad  St.; 
residence,  30  W.  25th  St.,  New  York 
City.  Nov.   21,  1894 

Blunt,  Willa.m  W.  Engineer,  Westinghouse  Electric  Co., 

Ltd.,  32  Victoria  St.,  London,  Eng.     Dec.    16,  1896 

BoGUK,  Charlks  J.  Manufacturer  and  Dealer  in  Electrical 

Supplies,  206 Centre  St.,  N.Y.  City.     Dec.      3,  1889 

Bohm,  Ludwk;  K.,  Ph,D.,  ('onsulting  Electrical  and   Chemical 

Expert,  320  Broadway,  N.  Y.  City.     Nov.    15,  1892 

(21) 
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Name. 

BoLAN.  Thomas  V. 


Date  of  Election. 


Address. 

Supervising  and  Constructing  En- 
gineer. General  Electric  Co.^  509 
Arch  St.;  residence,  869  N.  41st 
St.,    Philadelphia,  Pa. 

Electrical  Engineer,  General  Electric 
Co. ;  residence,  58  Washington  Ave., 
Schenectady,  N.  Y. 

408  A  St.,  S.  E..  Washington,  D.  C. 

F.  Princeton,  N.  J. 

Electrical  Inspector,  Underwriters' 
Association,  Middle  Department, 
316  Walnut  St.,  Philadelphia,  Pa.         Sept.     I,  1890 

Brady,  Frank  W.,  Af.  E.  Professor  of  Engineering  and  Physics, 

New  Mexico  College  of  Agriculture 
and  Mechanic  Arts,  Mesilla  Park, 
N.  M. 


BoYLBS,  Thomas  D. 

Brackxtt,  Byron  B. 
Brackbtt,  Prof.  Cyrus 
Braddell,  Alfred  E. 


Aug.     5,  1896 

Mar.  20,  189s 
Nov.  30,  1897 
April  15,  1889 


June   20,  1894 


Brady,  Paul  T. 

Bragg,  Charles  A. 

Brayshaw.  T. 
Brixey,  W.  R. 

Broich,  Joseph 

Broili  Frank 

Brophy,  William 

Browd,  Pail  K. 

Brown,  Chas.  L. 

Brown,  Hugh  Thomas 
BUBERT,  J.  F. 

Buck,  Harold  W. 
Buckingham,  Chas.  L. 

Bunce,  Theodore  D. 
Rurgkss,  Chas.  Fred'k. 

(30 


July  12,  1887 

Sept.  20,  1893 
Aug.   5,  1896 

Sept.  20,  1893 


Manager,  Central  N.  Y.  Agency,  West- 
inghouse  Electric  and  Mfg.  Co., 
Syracuse,  N.  Y. 

.Manager  Phila.  Agency,  Westing- 
house  Electric  and  Mfg  Co.,  302 
(rirard  Building,  Philadelphia,  Pa. 

Telegraph  Inspector  Great  Southern 
Railway,  City  of  Buenos  Aires. 

Proprietor  and  Manufacturer,  Day's 
Kerite  Wire  and  Cables,  203  Broad- 
way, New  York  City. 

Superintendent  and  Electrician,  with 
F.  Pearce,  New  York  City:  resi- 
dence, 1622  8th  Ave.   Brooklyn,  N.Y.     Jan.     17,1894 

Electrical  Engineer,  California  Elec. 
Works:  residence.  328  Eddy  St., 
San  Francisco,  Cal. 

Electrician  to  the  Wire  Pepartment,  12 
Old  Court  House.  Boston;  residence, 
17  Egleston  St.,  Jamaica  Plain,  Mass.     Mar.      5,1889 

Chief  Engineer,  The  Russian  Electric 
Company,  "  Union  "  St.  Petersburg, 
Russia. 


Feb.    23,  1898 


Cien'l  Manager  and  Sec'y,  Chicago 
Mutoscope  Co.,  1309  Monadnock 
Block,  Chicago,  III. 

Electrical  Engineer,  General  Electric 
Co  ,  Schenectady,  N.  Y. 

.Supervising  and  Contracting  Electrical 
Engineer.  402  Exchange  Bldg., 
^Telephone  1379)  Boston,  Mass. 

107  Union  St.,  Schenectady.  N.  Y. 

Patent  Attorney,  Western  Union  Tele- 
graph Co.,  195  Broadway,  P.  O. 
Box  856.  New  York  City. 

President,  The  Storage  Battery  Supply 
Co.,  239  E.  27th  St.,  New  York  City. 

Instructor  in  Electrical  Engineering, 
University  of  Wisconsin,  Madison, 
Wis. 


Feb.  15,  1899 

Nov.  20,  1895 

Jan.  26,  1898 

June  7,  1893 

Jan.  16,  189s 

April  15,  1884 

May  20,  1890 

Mar.  25,  1896 


780 


ASSOCIATE  MEMBERS 


Name.  Address. 

Burke,  James  Klopstack      Strasse,       15:      Berlin, 

Germany. 

Burnett,  Douglass,  B.S,  Edison  Illuminating  Co.,  Inspection 

Dept.,  55  Duane  St.,  New  York 
City;  residence.  42  Livingston  St., 
Brooklyn,  N.  Y. 

Commonwealth  Electric  Co.,  667  Lin- 
coln Ave.,  Chicago,  III. 

Vice-President  and  General  Manager, 
Charleston  Edison  Light  and  Power 
Co.,  Charleston,  S.  C. 


Burroughs,  Harris  S 
Burt.  Byron  T. 


Switchboard  Dep't.  Western  Elec- 
tric Co.:  residence,  149  Lenox 
Ave,  New  York  City. 

With  White-Crosby  Co. .  29  Broadway, 
New  York,   N.  Y. 

President,  The  Puget  Sound  Reduction 
Co.,  Everett,  Washington. 

Electrical  Engineer.  The  Rahway 
Electric  Light  and  Power  Co.,  Rah- 
way, N.  J. 

Ohio  Brass  Company,  20  Broad  Street, 
New  York  City. 

Cabot,  Francis  Elltoti'  Supt.  of   Inspection  and    Electrician, 

Boston  Board  of  Fire  Underwriters, 
55  Kilby  Street ;  residence,  East 
Milton,  Mass. 


Burton,  Paul  G. 

Burton,  William  C. 
Butler,  William  C. 

Buys,  Albert 
Byrns,  Robert  A. 


Cahot,  John  Alfred 
Caldwell,  Edward 


Caldwkll,  Francis  C. 

Canfieli),  Milton  C. 

Canfield,  Myron  E. 
Cafl'ccio.  Mario 

Carichoff,  E.  R. 
Carpenter,  Chas.  E. 


124  W.  127th  St.,  New  York  City. 

President  Empire  Advertising  Co  ,  150 
Nassau  St.,  New  York  City;  resi- 
dence,  407    E.    5th  St.,   Plainfield, 

N.  J. 

Associate  Professor  of  Electrical  En- 
gineering, Ohio  State  University, 
Columbus,  O. 

Electrical     Engineer,    The   Cleveland 
City    Railwav  Co.;    residence,    18 
Clinton  St.,  Cleveland,  O. 

Western  Electric  Co.;  residence,  404 
W.  44th  St.  New  York  City. 

Raimondo  ^:  Capuccio,  Consulcing 
Engineers  and  Patent  Agents,  Piazza 
Statute  15.  Turin,  Italy. 

Electrical  Engineer.  Sprague  Electric 
Co.,    Bloomfield,  N.  J. 

Vice-President,  Carpenter  Enamel 
Rheostat  Co.,  Bronxville,  N.  Y. 


Carter,  Frederick  William  Lecturer  in  Electrical  Tech- 
nology, City  and  Guilds  of  London 
Institute,  Exhibition  Road,  London, 
S.  W. 


Carter,  Hknry  W. 


(20) 


Attorney  and  Kxperl  in  Patent  Causes, 
Carter  iV  (iraves  8 10  Reaper  Btock, 
Chicago,  Hi. 


Date  of  Election. 


May  16,  1893 


Feb.  21,  1893 
Nov.  30.  1897 

Sept.  35,  1895 

Nov.  20,  1895 

Sept.  20,  1893 
Mar.  21,  1893 

Feb.   7,  1890 
Dec.  16.  1896 


April  17,  1895 
May  16,  1893 


Jan.  20,  1 891 

June  20,  1894 

Feb.  21,  1893 

May  21,  1895 

Dec.  20,  1893 

Mar.  21,  1894 

Aug.  5.  1896 


Sept.  28,  1898 


Apr.  38,  1897 
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Name. 
Carty,  J.  J. 

Case,  Willard  E. 
Casper,  Louis 

Cassidv,  John 


Address. 

Kngincer.  New  York  Telephone  Co., 
15  Dey  St.,  New  York  City  ; 
residence,  Cranford,  N.  J. 

196  Genesee  St.,  Auburn,  N.  Y. 

Electricial  Engineer  and  Contractor, 
3122  Wabash  Ave.,  Chicago.  111. 

Superintendent  Mutual  Telephone  Co., 
Honolulu,  Hawaiian  Islands, U.S. A. 

Chadbourne,  Henry  R.,  Jr.     Electrical  Engineer,  130  Bedford 

St..  Boston,  Mass. 

Chapman,  A.  Wright       Electrical  Engineer,  160  Hicks  St., 

Brooklyn,  N.  Y. 

Cheney,  Frederick  A.     Maple  Avenue,  Elmira,  N.  Y. 

Chkrmont,  Antonio  Leite     Engineer,  Firm  of  Chermont,  Silva 

and   Miranda,  Box  252,  Para,  U.  S. 
Brazil. 


Chesney,  C.  C. 
Childs,  Sumner  W. 
Childs,  Walter  H. 


Electrician,  Stanley  Laboratory,  Pitts- 
field,  Mass. 

c/o  R.    W.    Pope,   26   Cortlandt  St., 
New  York,  N.  Y. 


Clark,  LeRoy,  Jr. 


Brattleboro,  Vt. 

Clark,  Chas.  M.,-^.  ^.,  Clark  &    MacMullen.  42  E.  23d  St., 

residence,  831  Madison  Ave.,  New 
York  City. 

Electrical  Engineer  of  the  Safety  Insu- 
lated Wire  and  Cable  Co.,  229  West 
28th  St.,  residence,  208  West  85th 
St.,  New  York  City. 

General  Manager,  Railway  Dept.  Gen- 
eral Electric  Co.,  44  Broad  Street, 
New  York  City. 

Attorney-at-Law,  McGill  Building, 
Washington,  D  C. 

1013  I2th  St..  Oakland,  Cal. 

Box  114,  Manchester,  N.  H. 

Codman,  John  Sturcks,   Consulting  Engineer.  Associated  with 

R.  S.  Hale,  31    Milk  St.;  residence, 
57  Marlborough  St.,  Boston,  Mass. 

Manager  and  Engineer,  Grand  Rapids 
Electric  Co..  9  South  Division  St., 
Grand  Rapids,  Mich. 

General  Electric  Co.,  180  Summer 
St.,  Boston,  Mass. 


Clark,  William  J. 

Clement,  Edward  E. 

Clement,  Lewis  M. 
Clough,  Albert  L. 


Cody,  L.  P. 


Coffin,  Chas.  A. 
Cogswell,  A.  R. 


CoHO,  Herbert  B. 
Coleman,  Walter  H. 
Coles,  Edmund  P. 
(24) 


Electrician  and  Superintendent,  Hali- 
fax Illuminating  and  Motor  Co., 
Ltd.,  34  Bishop  St.,  Halifax.  N.  S. 

Electrical  Engineer,  143  Liberty  St., 
New   York  City. 

Supt.  and  Treasurer,  Andover  Elec- 
tric Co.,  Andover,  Mass. 

Resident  Engineer,  Manaos  Electric 
Lighting  Co ,  Manaos,  U.  S.  Brazil. 


Date  of  Election. 

April  15,  1S90 

Feb.  7,  18S8 

April  21,  1891 

Nov.  23,  1898 

May  15,  1894 

Mar.  25,  1896 

Oct.  I,  1889 

Mar.  18,  1890 

June  20,  1894 

May  15,  1894 

Sept.  6,  1887 

April  22,  1896 

May  15,  1894 

April  22,  1896 

May  18,  1897 

April  21,  1 891 

Feb.  21,  1894 

Feb.  15,  1899 

Aug.  5,  189O 

Dec.  6,  1887 

April  21,  1891 

Mar.  21,  1894 

Sept.  28,  1898 

Oct.  23,  1895 
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Name.  Address.  Date  of  Election 

CoLLETT,  Samubl  D.  Eastern    Manager,    Elevator    Supply 

and  Repair  Co.«  136  Liberty  St., 
New  York  City;  residence,  Van 
Pelt  Manor.  N.  Y.  Feb.    26,  1896 

CoMPTON,  Alfred  G.        Professor    of    Applied    Mathematics, 

College  of  the  City  of  New  York, 
17  Lexington  Ave.;  residence,  40 
W.  126th  St ,    New  York  City.  Nov.      i    1887 

CoouDGE,  Charles  A.      Electrical  Engineer,  Portland  Ceneral 

Electric  Co  ,  12  Selling- Hirsch  Bldg. 
Portland,  Ore.  April  19,  1891 

CoPELAND,  Clement  A.  Acting  Professor  of  Electrical  Engin- 
eering, Stanford  University,  Cal.        June    23,  1897 

Corey,  Fred  Brainard    Mechanical    Engineer,   The  Stilwell- 

Bierce  and  Smith- Vaile  Co.,  1425 
N.  Main  St.,  Dayton  O.  Dec.    20.  1893 

Cornell,  John  B.  Supt.  of  Construction,  with  Chas.  L. 

Cornell.  Hamilton,  O.  Sept.  25,  1895 

Corson,  William  R.  C.    Superintendent,    The    Eddy    Electric 

Mfg.  Co.,  Windsor,  Conn.  Jan.    17,  1893 

Cory,  Clarence  L.  Professor  of   Electrical   Engineering, 

University  of  California,  Berkeley, 
Cal.  April  19,  1892 

CosGROVE,  James  Francis  Head    of    Locomotive    Engineering 

Dept. ,  International  Correspondence 
School.  631  Madison  Ave.,  Scranton 
Pa.  Nov.  23,  1898 

Crain,  John  Jay,  225  4gth  St.,  Newport  News,  Va.  Dec.  16,  1896 

Crandall,  Chester  D.  Assistant  Treasurer,  Western  Elec- 
tric Co.,  227  South  Clinton  St.; 
residence,  4558  Ellis  Ave.  Chi- 
cago, III.  Sept.  27,  1892 

Crane,  W.  F.  D.  Electrical  and   Mechanical  Engineer, 

Electric  Vehicle  Co., New  York  City; 
residence,  24  Reynolds  Terrace, 
Orange.  N.  J.  Feb.      7.  1888 

Crawford.  David  Francis    Ass't    to    Supt.    Motive    Power, 

Penn'a  Co.,  Fort  Wayne,  Ind.  Sept.  25,  1895 

Crawford,  L.  G.  Sup't.  Repair  Dep't  General  Electric 

Co.,  Chicago.  111.  Oct.     23.  1895 

Creaghead,  Thomas  J.    President      and      General     Manager, 

Creaghead  Engineering  Co.,  802 
Plum  St.,  Cincinnati,  O.  Sept.  20,  1893 

Crehore,  Albert  C,  Ph.D.  Assistant     Professor   of    Physics, 

Dartmouth  College,  Ilaoover,  N.  H.     Dec.    21,1892 

Criggal,  John  E.  Mechanician  with  the  Weston  Electrical 

Instrument  Co. :  Newark,  N.  J.  June   20,  1894 

Crocker,  Ebbn  Clinch     Electrical   Engineer,   American  Ord- 

nance  Co.,  29  Harriet  Street, 
Bridgeport,  Conn.  Jan.     26,  1898 

Crosby,  Oscar  T.  White-Crosby    Co.,    1417    G    Street, 

Washington.  D.  C.  Mar.  18,  1890 

Crowell,  Robinson  c/o  Chas.  H.  Crowell ;  office,   Laurel 

Hill  Cemetery,  San  Francisco,  Cal.       Dec.  28,  1898 

Cumner,  Arthur  B.  1805  Wallace  St.j  Philadelphia,  Pa.         Feb.    27,  1895 

Cunningham,  E.  R.  Sup't  Fort  Dodge    Light  and    Power 

Co.,  Fort  Dodge,  Iowa.  Jan.    22,  1896 

(22) 
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Name.  Address. 

CuNTZ,  Johannes  H.         325  Hudson  St.,  Hoboken,  N.  J. 

CURRIE,  N.  M.  Santias:o,  Chili. 

daCunha,  Mangel  Ignacio  Manager  of  the  Electrical  Section, 

Emprera      Industrial      Gram-Para, 
Para,  U.  S.  of  Brazil. 

Daggett,  Royal  Bradford  Electrical  Engineer.  Electric  Stor- 
age Battery  Co.,  Marquette  Build- 
ing, Chicago,  111. 

General   Sup't,  Tacoma  Railway  and 
Motor  Co..  Tacoma,  Wash. 


Dame.  Frank  L. 
Damon,  Geo.  A. 


Damon,  Geo.  B. 
Dana,  R.  K. 

DANIEL.SON,  Ernst 

Darrow,  Elbazar 
Dates,  Henry  B„ 


With  B.  J.  Arnold,  Electrical  Engin- 
eer. 1 541  Marquette  Building,  Chic- 
ago, III. 

Westinghouse,  Church.  Kerr  &  Co., 
26  Cortlandt  St,   New  York  City. 

Agent,  Washburn  and  Moen  Mfg. 
Co.,  16  Cliff  St..  New  York  City. 

Consulting  Electrician,  Vestra  Tradgar- 
dsgatan  15 13,    Stockholm.  Sweden. 


Professor  M.  E.  Dept.  Washington 
Agr.  College.  Pullman.  Wash. 

Professor  of  Electrical  Engineering 
and  Physics,  Clarkson  School  of 
Technology,  Potsdam,  N.  V. 

Davenport,  George  W.   61  Ames  Bldg.,  Boston,  Mass. 

Davidson,  Edw.  C.  Patent    Lawyer,  141  Broadway,  New 

York  City. 

Acting  Manager,  Patent  Dep't,  Gen- 
eral Electric  Co.,  Schenectady.  N.Y. 

Superintendent.  Salem  Electric  Light 
and  Power  Co.,  299  Lincoln  Ave., 
Salem,  O. 


Davis,  Albert  G. 
Davis,  Delamore  L. 


Davis,  Joseph  P. 
Davis,  W.  J.,  Jr. 

Degen,  Lewis 


Engineer,   American   Bell   Telephone 
Co.. 113  W.  38th  St., New  York  City. 

Electrical    Engineer,  (ieneral  Electric 
Co.,  Schenectady,  N.  Y. 


c/o.  M.  E.  Levering,  1414  Chestnut 
St.,  Philadelphia,  Pa. 

deKhotinsky,  Capt.  Achilles,    Late    Chief     Electrician    and 

Torpedo  Officer,  Imperial  Russian 
Navy,  Room  860,  No.  334  Dearborn 
St.;  residence,  1457  Newport  Ave., 
Chicago,  III. 

Electrical  Engineer,  General  Electric 
Co.,  Schenectady,  N.  Y. 

Professor  of  Experimental  Mechanics, 
Stevens  Institute  of  Technology, 
Hoboken,  N.J. 

Consulting  Engineer,  27  Thames  St., 
New  York  City. 

Electrical  Expert,  Western  Electric 
Co.;  resi<lence,  33  Rue  Boucwijns, 
Antwerp,  Belgium. 


Dempster,  Thomas 
Denton,  Jamks  E. 

DeRedox,  Constant 
Dewar,  John  Thomas 


Date  of  Election. 
Mar.      5,  1889 

Feb.  15,  1899 

May  16,  1893 

Jan.  25,  1899 
June  26,  1 891 

Jun.  24,  1898 
June  23,  1897 
April  15,  1884 

June  27, 1895 
Aug.  5,  1896 

Dec.  28,  1898 
June  4,  1889 

Feb  7,  1890 
Mar.  23,  1898 

April  2,  1889 
April  15,  1884 
Mar,  20,  1895 

Sept.  25,  1895 


(23) 


Oct.  27,  1891 
May  17,  1898 

July  12,  1887 
May  18.  1897 

May  21.  1895 
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Name. 

Dbxter,  Frank  H. 


Dey,  Harry  E. 

DiCKERSON.  £.  N. 

Dinkey,  Alva  C. 
DoBBiE,  Robert  S. 


Address. 

Drauj^htsman,  Nassau  Electric  Co., 
268  23d  St.;  residence,  391  8th  St., 
Brooklyn,  N.  Y. 

393  Classon  Ave.,  Brooklyn,  N.  Y. 

Attorney-at-Law,  141  Broadway  ;  resi- 
dence 64  E.  34th  St.,  New  York  City. 

Supt.  Electric  Dept.,  Homestead  Steel 
Works,  Munhall,  Pa. 

Electrical  Engineer,  Riding  Mill-on- 
Tyne,  Northumberland,  Eng. 

DoHBRTY,  Henry  L.        40  Wall  Street,  New  York  City. 

DooLiTTLE,  Clarence  E.     Manager    and  Electrician.    Roaring 

Fork  Electric  Light  and  Power  Co., 
Aspen,  Colo. 

DooLiTTLE,  Thomas  B.     Engineering     Department,    American 

Bell  Telephone  Co.,  125  Milk  St., 
Boston,  Mass. 

DoRBMUS,  Charles  Avery    Af.D.  PM.D.  59  W.  51st  St..  New 

York  City. 

Supt.  Electrical  Dept.  Blue  Lakes 
Water  Co.,    Palo  Alto,  Cal. 

17  Lexington  Ave.,  New  York  City. 

Drysdale,  Dr.,  W.  A.     Consulting  Electrical  Engineer,    Hale 

Building,  Philadelphia,  Pa. 

Chief  Electrician,  Mohawk  Division 
N.  Y.  C.  &  H.  R.  R.  R.  24  So. 
Hawk  St.,  Albany,  N.  Y. 

18  Sidney  Place,  Brooklyn,  N.  Y. 

Electrician,  Laboratory  Fort  Wayne 
Electric  Corporation,  407  Broadway, 
Fort  Wayne,  Ind. 

Patent  Attorney,  229  Broadway,  New 
York  City,  residence,  12-a  Monroe 
St.,  Brooklyn.  N    Y. 

British  Columbia  Electric  Railway, 
L't'd.,  37  John  Street,  Victoria, 
B.  C. 

Chief  Electrical  Engineer,  Manhattan 
State  Hospital  of  the  State  of  New 
York.  Ward's  Island,  N.  Y.;  resi- 
dence,  115  East  26th  St.,  New  York 
City. 

Vice-Pres't  Bell  Telephone  Co.,  of  Mo., 
511  No.  4th  St.,  St.  Louis,  Mo. 

Associate  Engineer  with  Chas.  L. 
Eidlitz,  1012  St.  James  Bldg.,  26th 
St.,  and  Broadway;  residence,  355 
Lenox  Ave.,  New  York  City. 

Electrical  Engineer  and  Contractor, 
Lees  Building,  Chicago,  111. 

Eden,  Morton  Edward  Electrical  Inspector.  Western  District 

the  Underwriters'  Association  of 
the  Middle  Department,  245  Fourth 
Ave.,  Pittsburg;  residence,  Warren 
Pa. 

(22) 


Downing,  P.  M. 
Dressler,  Charles  £. 


Du  Bois,  Julian 

Duncan,  John  D.  E. 
Duncan,  Thomas 

Dunn,  Clifford  E. 

Dunn,  Kingsley  G. 

DuRANT,  Edward 


DuRANT,  Geo.  F. 
Dyer,  Francis  Makon 


Date  of  Election. 

June  24.  1898 
Dec.    19,  1894 

April  15.  1884 
Feb.    17,  1897 

Feb.      5,  1889 
Sept.  28,  1898 

May    15,  1894 

May    16,  1893 

July      7,  1884 

June  24,  1898 
Dec     16,  1890 

Sept.  19,  1894 


Nov.   20,  1895 
Mar.   20,  1895 


Oct.     17,  1894 


Feb.    15,  1899 


Oct.    17,  1894 


Nov.  15,  1892 
April  15.  1884 


Eddy,  H.  C. 


Sept.  19,  1894 
June   30,   1894 


Sept.  19,  1894 
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Name 

Edmands,  I.  R. 


Edwards,  James  P. 
Eglin,  Wm.  C.  L. 


Ekstrom,  Axel 
Ellard,  John  W. 

EuAS,  Albert  6. 
Ellicott,  Edward  B. 

Ellis,  R.  Laurie 
Elmer,  William,  Jr. 


Emerick,  Louis  W. 


Address. 

Construction  Engineer,  General  Elec- 
tric Co.,  315  Huffalo  Ave.,  Niag^ara 
Falls,  N.  Y. 

Consultin]^  Electrician,  Augusta.  Ga. 

Chief  of  Electrical  Department,  Edison 
Electric  Light  Co.,  909  Walnut  St.; 
residence.  4230  Chester  Ave.,  Phila- 
delphia, Pa. 

Electrical  Engineer,  General  Electric 
Co.;  Schenectady.  N.  Y. 

Treasurer,  Eflison  Electric  Illuminat- 
ing Co.,  15  South  Street,  Baltimore, 
Md. 

13 10  Washburn  Street,  Scranton.  Pa. 

Superintendent  of  City  Telegraph, 
Union  League  Club,  Chicago,  111. 

Assistant  to  Superintendent,  Augusta 
R'way  &  Electric  Co.,  230  Dyer 
Building,  Augusta,  Ga. 

Electrical  Engineer,  1330  12th  Ave., 
Altoona,  Pa. 

Ely,  Wm.  Grosvenor,  Jr.     Ass't  Supt.  Construction,   General 

Electric  Co.,  849  Union  Street, 
Schenectady,  N.  Y. 

Electrical  Engineer,  The  Solvay  Pro- 
cess Co.,  Syracuse,  N.  Y.;  residence 
The  Kenyon,  Warren  St.,  Syracuse, 
N.  Y. 

Publisher  and  Printer,  106  Liberty 
St.,  New  York  City. 

121  E.  77th  St..  W.  New  York  City. 

Entz,  Justus  Bulk  ley     Electrical   Engineer,  Electric  Storage 

Battery  Co.,  19th  .St.,  and  Allegheny 
Ave.,  Philadelphia,  Pa. 

Electrical  Engineer.  The  Erickson 
Electric  Equipment  Co.,  71  Federal 
St.,  Boston,  Mass. 

Professor  in  charge  of  Dept.  of  FJec 
trical  Engineering,  University  of 
Illinois,  Urbana,  III. 

Chicago  Telephone  Co.:  residence, 
44  E.  50th  St.,  Chicago,  111. 

Acting  Chief  Engineer,  The  Quebec, 
Montmorencv  and  Charlevoin  Rail- 
way,  Quebec,  Canada. 

Duncan  and  Eyre,  Consulting  Engin- 
eers. 1514  Empire  Building,  71 
Broadway,  New  York  City 

Farnsworth,  Arthur  J.   Chief  Engineer,    Larchmont  Electric 

Co.,  Mamaroneck,  Conn. ;  residence, 
30  Beechwood  Ave.,  New  Rochelle, 
N.  Y. 


Emmet,  Herman  L.  R. 
Ende,  Siegfried  H. 


Erickson,  F.  Wm. 

EsTY,  William 

Eth bridge,  Locke 
Evans,  Edward  A. 

Eyre,  M.  K. 


Fielding,  Frank  E. 

[Life  Member.] 

Finney,  John  C. 
(aa) 


Chemist  and  Assayer,  Virginia  City, 
Nev. 

Cashier,  Wisconsin  Trust  Co.;  resi- 
dence, 34  Prospect  Ave,  Milwaukee, 
Wis. 


Date  of  Election. 

Jane  23. 1897 
April  19,  1893 

Sept.  19,  1894 
June  17,  1890 

June  a3,  1897 
Jan.  26,  1898 

Sept.  19,  1894 

April  26,  1899 
Mar.  18,  1890 

Mar.  21,  1893 


Aug.  13.  1897 

April  15,  1884 
Jan.  17,  1894 


Jan.  7,  1890 

Sep.  19,  1894 

Mar.  20,  189s 

Oct.  17,  1894 

Jan.  22,  1896 

Oct  17,  1894 


Jan.  16,  1895 
Sept.  6,  1887 

Dec.  a8.  1898 
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Name. 

Firth,  Wm.  Edgar 


Fish,  Milton  L. 
Fisher,  Henry  W. 


FlTZHUGH,  Wm.  H. 

Flather,  John  J. 


Address. 

Chief  Engineer,  The  Midvale  Steel 
Co.,  Nicetown,  Philadelphia  ;  resi- 
dence, 7203  Boyer  St.,  Gerraantown, 
Pa. 

Colvin  Park.  111. 

Electrician  and  Director  of  Elec.  and 
Chem.  Laboratories;  The  Standard 
Underground  Cable  Co.,  Pittsburg, 
Pa. 

Supt.  Bay  City  Electric  Plant,  Bay 
City,  Mich. 

Professor  of  Mechanical  Engineering, 
University  of  Minnesota;  residence, 
316  loth  Ave.,  S.  E.y  Minneapolis, 
Minn 


Date  of  Elactiott. 


Mar.    25,  1896 
Oct.     21,  1896 


Jan.     16,  189s 
April  27,  1898 


Fleming,  John  Breckenridge,  M.  M.,   and   Elec.   Engineer, 

Silver  King  Mill.  Park  City,    Utah. 

Flesch,  Charles  Electrical  Engineer,  AUgemeine  Elek- 

tricitats-Gesellschaft,  22  Schififbauer- 
damm,  Berlin,  N.  W.  Germany. 

Fliess,  Robert  Anton      Student    of    Electrical     Engineerini;, 

Columbia     University  :     residence, 
201  W.  55th  St.,  New  York  City. 


Flood,  J.  F. 
Floy,  Henry 

FooTE,  Thos.  H. 


Sup't  Steubenville  Traction  Co., 

Steuben ville,  O. 

Consulting  Electrical  and  Mechanical 
Engineer,  220  Broadway,  New  York 
City. 


Forbes,  Francis 
Forbes,  George 


Electrical  Engineer,  C.  &  C.  Electric 
Co.,  Garwood,  near  Westfield,  N.  J. 

Lawyer,  32  Nassau  St.,  New  York  City. 

Electrical  Engineer,  34  Great  George 
St.,  London,  Eng. 

Ford,  Arthur  Hillyer,  Western  Electric  Co.,  503  W.  Adams 

St.,  Chicago,  111. 

Ford,  Frank  R.,  M.  E.   Consulting  Engineer,    Ford,  Bacon  & 

Davis,     149   Broadway,   New   York 
City. 

Assistant  to  Chief  Engineer,  The 
American  Bell  Telephone  Co. ,  room 
73,  125  Milk  St.,  Boston,  Mass. 


Ford,  Wm.  S. 


Francisco,  M.  J. 
Frank,  Geo.  W.,  Jr. 

FRANKENFIELD,  BUDl) 

Franklin,  W.  S. 
Frantzen,  Arthur 


President  and  General  Manager,  Rut- 
land Electric  Light  Co.,  Rutland, Vt. 

c/o.  J.  G.  White  &  Co.,  29  Broadway, 
New  York  City. 

1007  S.  Hill  St.,  Los  Angeles,  Cal, 

Lehigh  University,  South   Bethlehem, 
Pa. 

Electrical    Engineer   and    Contractor, 
225  Dearborn  St.,  Chicago,  111. 


French,  Prof.  Thomas,  Jr.  Ph.D.    713   Ridgway  Ave.,  Cin- 
cinnati, O. 
(22) 


April  19,  1892 
April  27,  1898 

Sept.  27,  1892 

Mar.  23,  1898 
Mar.  18,  1890 

May    17,  1892 

April  21,  1891 
Sept.  16,  1890 

Feb.  21,  1894 

Mar.  24,  1897 

Mar.  25,  1896 

June  7,  1892 
June  17, 1890 

Sept.  28,  1898 
Feb.  17,  1897 

Jan.  22,  1896 
Feb.  21,  1894 
Sq>t  2o,  1893 
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Frost,  Joseph  W. 

Fry,  Donald  Hume 
Gallahrr,  Edward  6. 

Gallatin.  Albert  R. 

Ganz,  Albert  F. 

Garrels,  W.  L. 


Name.  Address. 

Frenyear,  Thomas  C.      Westinghouse  Electric  and  Mfg.  Co., 

782  Ellicott  Sq..  Buffalo,  N.  Y. 

Fridenberg,  Henry  Leslie.  M.  E.    44  E.  6ist  St.,  New  York 

City. 

Fribdlaender,  Eugene   Electrician.  Carnegie  Steel  Company. 

Duquesne,  Pa. 

Secretary,  National  Automatic  Fire 
Alarm,  335  Broadway,  New  York 
City. 

Electrical  Engineer  ^and  Sup't.  Mt. 
Whitney  Power  Co.,  Visalia  Cal. 

The  Pneumatic  Supply  and  Equip- 
ment Co.,  120 Liberty  St. ;  residence, 
137  W.  ii6th  St.,  New  York  City. 

Student  at  Columbia  University,  resi- 
dence  58  W.  55th  St.,  New  York 
City. 

Assistant  Professor,  Physics  and  Ap- 
plied Electricity.  Stevens  Institute  : 
residence  6i2RiverSt.,Hobokcn.  N.J. 

4531  West  Pine  Boulevard,  St.  Louis, 
Mo. 

Garfield,  Alex.  Stanley    Engineer,   Cie   Thomson- Houston, 

27  Rue  de  Londres,  Paris,  France. 

Gaytes,  Herbert  Electrical  Engineer,  Oakland  Transit 

Co.,  Oakland.  Cal. 

Gerry,  James  H.  Superintendent,     The     Self- Winding 

Clock  Co.,  163  Grand  Ave.,  Brook- 
lyn, N.  Y. 

Gherardi.  Bancroft,  ]r..     Assistant  in  the  Engineering  Dept. 

New  York  Telephone  Co.;  15  Dcy 
St.,  New  York  City;  residence,  21 
South  Arlington  Ave.,  East  Orange, 

N.  J. 

Pelham  Manor,  N.  Y. 

Prof,  of  Physics  and  Electrical  Engi- 
neering, Throop  Polytechnic  Insti- 
tute. Pasadena,  Cal. 

Manager,  H.  P.  Elec.  Light  and 
Power  Co.,  Cor.  55th  &  Halsted  Sts.; 
residence,  5101  Kimbark  Ave.,  Chi- 
cago, Ills. 

Glading,  Frank  W.,  M.  A.y  M,  E.,  M.  S.  Edison  Manu- 
facturing Co.,  Orange,  N.  J.;  resi- 
dence, Caldwell,   N.  J. 

Gladson,  Wm.  N.  Professor    of    Klectrical    Engineering, 

Arkansas  Industrial  University,  Fay- 
etteville,  Ark. 

Gladstonk,  James  Wm.     Manager,  Edison  Mfg.  Co.,  no  East 

23d  St.,  New  York  City  ;  residence, 
West  Orange,  N.  J. 

Secretary  and  Electrician,  New  En- 
gland Insurance  Exchange.  Sec'y 
Underwriters'  National  Electric 
Ass'n,  55  Kilby  St,,  Boston,  Mass. 

Electrical  Engineer,  2g  Broadway, 
and  473  Park  Ave.,  New  York  City. 

Civil  Engineer,  Belmont,  N.  Y, 


Date  of  Election. 
Sept.  25,  1895 
Jan.  16,  1895 
Nov.   20,  1895 

Mar.  20,  1895 
Nov.  23.  1898 

Jan.     19,  1895 

Mar.  23,  1898 

April  26,  1899 

Mar.  20.   1895 

Jan.  26,  1898 

Mar.  23,  1898 

April  18.  1894 


Gilliland.  E.  T. 

GlLMORE,  LUCIEN  H. 

Githens,  Walter  L. 


June  27,  189s 
April  15,  1884 

Mar.  20,  189s 

Jan.  22,  1896 
May  15,  1894 
Dec.  28,  1898 
April  18,  1894 


Goddard,  Chris.  M. 


Goldmark,  Chas.  J. 


Gorton,  Charles 
(22) 


April   22,  1896 

June      5,  1888 
Nov.    12,  1889 
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Gordon,  Reginald  Tutor     in     Physics,    Columbia   Uni- 

versity, New  York  City. 

GoRRissEN,  Ch.  With   Siemens  &   Halske,    Franklin- 

strasse  29,  Charlottenburg,  Ger. 

Graham.  George  Wallace    80  Decatur  St.,  Brooklyn.  N.  Y. 

Granbery.  Julian  H.      Jun.  Am.  Soc.  C.  E.;  residence,    EL 

mora,  Elizabeth.  N.  J. 

Graves.  Chas.  B.  Marblebead,  Mass. 

Greenleaf,  Lewis  Stone    Electrician.    Hudson    River    Tele- 
phone Co.,  Albanv.  N.  Y. 

Green.  Elwyn  Clinton  Supt.,   Gosport  Electric    Lig^ht  Co., 

Gosport,  Ind. 

Secretary  California  Electric  Works, 
40Q  Market  St.,  San  Francisco,  Cal. 

Supt.  Electrical  Construction,  U.  S. 
Light  House  Board.  Tompkinsville. 
S.  L,  N.  Y.;  residence,  New 
Brighon,  S.  L 

Inventor,  Electric  Conduit  and  Elec- 
tric Signaling  Apparatus.  60  Broad- 
way ;  residence,  304  West  90th  St., 
New  York. 


Greenwood,  Fred.  A. 
Gregg,  Tom  Howard 


Date  of  Election. 

Feb.  24,  1 891 

Mar.  25,  1896 

Dec.  19,  1894 

Aug.  5.  1896 

Sept.  15,  1897 

Aug.  5,  1896 

Mar.  25.  1896 

April  28,  1897 

Mar.  22,  1899 


Griffen.  John  D. 


Griffes,  Eugene  V.  Electrical  Engineer,  518  South  Broad- 

way, Los  Angeles,  Cal. 

Griffin,  Capt.  Eugene    First  Vice-President,  General  Electric 

Co.,  44  Broad  St.,  New  York  City. 

Electrician,  Tennessee  Coal,  Iron  and 
R.R.  Co.,  Ensley,  Ala. 

Electrician  and  Chemist,  Ansonia 
Brass  and  Copper  Co.,  Ansonia, 
Conn. 


Gross,  S.  Ross 
Grower,  George  G. 


Guy,  George  Heli 


Hadley.  Arthur  L. 


Hadley,  Fred'k  W. 


Secretary,  The  New  York  Electrical 
Society,  120  Liberty  St  ,  New  York 
City. 

Assistant  Electrician  to  Chief  Electri- 
cian and  Gen'l  Supt..  Fort  Wayne 
Electric  Corporation,  174  W.  (>aigh 
ton  Ave.,  Fort  Wayne,  Ind. 

Electrical  Eng'r,  Arlington  Heights, 
Mass. 


Aug.  13.  1897 

Feb.  26,  1896 

Feb.  7.  1890 

May  17,  1892 

Mar.  18,  1890 

May  16,  1893 


Hakonson,   Carl  Harold     Electrical     Engineer,     with     the 

Union     Elektricitats    Gesellschaft, 
Dorotheeasir  43,  Berlin,  N.W.,  Ger. 


Hall,  Edward  J. 

Hall,  J.  P. 
Hall,  William  P. 


Vice-President  and  General  Manager, 
American  Telephone  and  Telegraph 
Co.,    15    I>ey  St.,  New  York  City. 

Electrical  Contractor,  22  Thames  St, ; 
residence.  200  W.  136th  St.,  N.  Y. 

President,  The  Hall  Signal  Co.,  Vice- 
President  The  Johnson  Railroad 
Signal  Co.,  44  Broad  St.,  New  York 
City. 


Oct.  17,  1894 
Aug.  5,  1896 

Sept.  25,  189s 

April  18,  1893 
Aug.     5.  1896 


Sept  z6,  Z890 


(21) 
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Name.  Address. 

Hamerschlag,  Arthur  A.     Electrical     Expert,    and     Owner 

Hamerscblag    &   Co.,   loo   Maiden 
Lane,  New  York  City. 

Hamilton,  James  Patent  Attorney  and  Expert  in  Patent 

Causes,  53  State  St.,  Boston,  Mass. 

Hammatt,  Clarence  S.    Manager,   Jacksonville  Electric  Light 

Co.,  Jacksonville,  Fla. 

Supt.,  Nevada  County  Electric  Power 
Co.,  P.  O.  Box  151,  Nevada  City, 
Cal. 


Hancock,  L.  M. 


Hardlng,  H.  McL. 
Harris,  George  H. 


20  Broad  Street,  New  York  City. 

Electrical  Engineer,  Birmingham  Kail- 
way  and  Electric  Co.,   Birmingham, 
Ala. 


Harris,  W.  C,  Jr.  [Address  unknown.] 

Hartman,  Herbert  T.     Pennsylvania   Heat,  Light  and  Power 

Co.,  Cor.  TOth  and  Sansom  Streets, 
Philadelphia.  Pa. 


Harvey,  Robert  R. 

[Life  Member.] 


10  So.  Franklin  St.,  Wilkes- Barre,  Pa. 


Date  of  Election. 

Mar.  25,  1896 
Nov.  23,  1898 
Sept.  20,  1893 

May  19.  1891 
May  24,  1887 

June  20.  1894 
April  17.  1895 

Mar.  ai,  189 
Sept.  25,  189s 


Hathaway,  Joseph  D.,  Jr.     .Assistant  in  Cable  Dep't  Western 

Electric  Co.,  57  Bethune  St.,  N.  Y. 
City. 

Electrical    Engineer  and    Contractor, 
114  Fifth  Ave.,  New  York  City. 

Treasurer,    East    Liverpool     Railway 
Co.,  East  Liverpool,  Ohio. 


Hatzel,  J.  C. 
Healy,  Louis  W. 

Hedenbrrg,  Wm.  L. 


Manager  and  Editor,  Electricity,   136 
Liberty  Street,  New  York  Ciiy. 

Hellick,  Chauncey  Graham  Department  of  Electrical  Engi- 
neering, Lafayette  College,  Easton, 
Pa. 


Henderson,  Alex. 


Electrician,    New    York    Fire    Dept. ; 
residence,  321  West  11 8th  St.  N.  Y. 


Henderscn,  Henry  Banks     Riverside,  Cal. 

Henry,  Geo.  J.,  Jr.,  Engineer  for  The  Pelton  Water  Wheel 

Co.,  143  Liberty  St  ,  New  York  and 
121   Main    St.,  San  Francisco,  Cal. 

Hermessen,  John  Louis    83    Cannon    St.,     London,      E.    C, 

England. 

Hessenbruch,  George  S.  E.E.  Ph.D    4214  Delmar  Boulevard, 

St.  Louis,  Mo. 


Hewitt,  Charles  E. 


Hewitt,  William  R. 


Hewlett,  Edward  M 


(22) 


Electrician,  Ilyer-Sheehan  Electric 
Motor  Co.,  139  Chamber  St.,  New- 
burgh.   N.  Y. 

Superintendent,  Fire  Alarm  and  Police 
'Felegraph,  9  Brenham  Place,  San 
Francisco,  Cal. 

Designing      Engineer,       Switchboard 
Dept.,  General   Electric   Co..   Schc 
nectady,  N.  Y. 


Aug.     5,  1896 
Sept.     3,  1889 

June  26,  1891 

Nov.  21,  1894 

Jan  26,  1898 

Nov.  30,  1897 

May  21,  1895 

April  27,   1898 

Jan.  20,  1897 

June  27,  1895 

Sept.  25,  1895 

May  15,  1894 

May  19,    i.^^>- 
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Name.  Address. 

HiLDBURGH,  Walter  Leo  Student,  Columbia  University  ;   resi- 
dence, I  West  30th  St.,  New  York. 

Hill,  Ernest  Rowland  Electrical  Engineer,  Westinghouse  E. 

^-  M.  Co.,  Pittsburg.  Pa. 


Hill,  George,  C,E. 
Hill,  Geo.  Henry 


Consulting    Engineer,    150  5th    Ave., 
Tel.  2326  i8th.,  New  York  City. 


Hill,  H.  P. 


Chief  Engineer,  Elevator  Department, 
.  Sprague   Electric   Co.,    Bloom6eld, 
N.  J.;  residence,  New  York  City. 

Washington  Loan  and  Trust  Building, 
Washington.  D.  C. 

Hill,  Nicholas  S.,  Jr.  Manufacturers*  Record  Bldg.,  Balti- 
more, Md. 

HoAG,  Geo.  M.  City   Electrician,   City  of  Cleveland, 

113   Citv  Hall:   residence,    3    Dor- 
chester Ave.,  Cleveland,  O. 

Engineer,  care  British  Thomson- 
Houston  Co.,  83  Cannon  St.,  Lon- 
don Eng. 

Electrical  Engineer,  Foundry  Dep't. 
Anaconda  Copper  Mining  Co.; 
Anaconda,  Mont. 

Hoffmann,  Brrnhard     New   York   Telephone   Co.,    15    Dcy 

St.,  New  York  City. 

Holberton,  George  C.  Chief  Engineer  and  Electrician,  Bang- 
kok Electric  Light  Syndicate,  Bang- 
kok, Siam. 


Hob  ART,  Henry  M. 


Hodge,  William  B. 


Holbrow,  Herman  L. 


With  New  York  Telephone  Co.; 
residence,  424  West  20th  St  ,  New 
York  City. 


Holt,  Marmaduke  Burrell,  Mining  and  Electrical  Engineer, 

Silverton,  Col. 


HOMMEL,  LuDWIG 

Hood,  Ralph  O. 
Hopewell,  Chas.  F. 


Supt.  of  Construction,  Standard 
Underground  Cable  Co..  1225  Betz 
Building,  Philadelphia,  Pa. 

Electrical  Engineer,  General  Electric 
Co.,  Baltimore,  Md. 


Date  of  Election. 
Dec.   28.   1898 

Jan.    25,   1899 

April  19,  1892 

Jan.  25,  1899 
Nov.  18,  1897 
Aug.   5,  1896 

April   28,  1897 

April  18,  1894 

Dec.  28,  1898 
Nov.    23,  1898 

May    15.  1894 

Mar.  24,  1897 
April  15,  1890 

Jan.  20,  1897 
April  18.  1894 


Inspector  of  Wires,  Supt.  of  Lamps, 
P'ire  Alarm  and  Police  Telegraph, 
City  of  Cambridge,  City  Hall ;  resi- 
dence. 82  Magazine  St.,  Cambridge- 
port.  Mass. 

Hopkins,  Nevil  Monroe     Electrical  Engineer,  1730  I  Street, 

Washington,  D.  C. 


Hopkins,  N.  S. 
Horn,  Harold  J. 

Hornsby,  Harry  H. 
(20) 


Ass't  Engineer,  Cieneral  Electric  Co. 
Lynn,  Mass. 

Electrical  Engineer,  John  A.  Rocb- 
ling's  Sons'  Co  ;  residence,  36  W. 
State  St.,  Trenton,  N.  J. 

Electrical  Inspector,  16  City  Hall, 
Chicago,  111. 


Aug.    13,  1897 
Nov.   20,  189s 

April  27.  1898 

Mar.    22,  1899 
June   27,  1895 
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Name. 

IIosMER,  Sidney 


HowsoN,  Hubert 
Hubbard,  Albert  S. 


Address. 

Sup't.  Underground  Cable  Dep't, 
Boston  Electric  Light  Co  ,  Ames 
Building,  Boston,  Mass. 

Patent  Lawyer,  38  Park  Row,  New 
York  City. 

Electrical  and  Mechanical  Engineer, 
The  Electro  Chemical  Storage  Bat- 
tery Co.,  Belleville,  N.  J. 

Hubbard,  William  C.      Vice-President,  Electric  Arc  Light  Co., 

120  Liberty  St.,  New  York  City; 
residence,  427  West  7th  St.,  Plain- 
field,  N.  J. 

HUBLEY,  G.  Wilbur  Electrical  Engineer.  Louisville  Electric 

Light  Co.;  residence,  717  Fourth 
Ave,  Louisville,  Ky. 

Hubrecht,  Dr.  H.  F.  R.  Director.    Nederlandsche    Bell   Tele- 
phone Co.,  Amsterdam,  Holland. 

President,  The  American  Bell  Tele- 
phone Co.,  125  Milk  .St.,  Boston, 
Mass. 

Salesman,  etc..  General  Electric  Co., 
Seattle,  Wash. 


Date  of  Election 

May     18,  1897 
June     8, 1887 

Nov.   30,  1895 


Hudson,  John  E. 


huggins,  n.  w. 
Huguet,  Chas.  K. 
Hull,  S.  P. 


Electrical   Engineer,    1216  Carondelet 
St.,  New  Orleans,  La. 


HULSE.  Wm.  S. 

Humphreys,  C.  J.  R. 
Hunt,  Arthur  L. 
Huntley,  Chas.  U. 


Chief  Electrician  of  Hudson  Div.  N. 
Y.  C.  &  H.  R,  R.  R.  Co.,  Pough- 
keepsie,  N.  Y. 

Electrical  Engineer,  Union  Electrici- 
tats  Gesellschaft,  Berlin,  Germany. 

Manager,  Lawrence  Gas  Co.,  and 
Edison  Electrical  111.  Co.,  Law- 
rence, Mass. 

Harrisburg  Foundry  and  Machine 
Works,  203  Broadway,  New  York 
City. 

General  Manager,  Buffalo  General 
Electric  Co.,  40  Court  St.,  Bufialo, 
N.  Y. 

Hutton,  Chas.  William  Chief  Electrician.  Sacramento  Elec- 
tric Gas  and  Railway  Co.,  Sacra- 
mento, Cal. 

Hutchinson,  Frederick  L.    Kiectricai  Engineer,  Wesiinghouse 

Eleciricand  Mfg.  Co.,  Pittsburg,  Pa, 

Havcmeyer  Building,  26Cortlandt  St., 
New  York  City. 

Electrical  Engineer,  Otis  Electric  Co., 
Yonkers,  N.  Y. 

Electrical  Engineer,  89  Shinhanacho, 
Hongo  Tokyo,  Japan. 

Consulting  Engineer  and  Expert,  1669 
Second  Ave.,  I'ittsburg,  Pa. 

President,  Chicago  Edison  Co.,  139 
Adams  St.,  Chicago,  111. 

[Address  unknown.] 


Idkll,  Frank  E. 
Ihlder,  John  D. 

IijiMA  Zentaro, 

Ingold,  Eugene 

Insull,  Samuel 


Irvine,  Drew  W. 
(22) 


April  18,  1894 

Sept.  19.  1894 

Oct.  4,  1887 

Dec.  20,  1893 

Aug.  5,  1896 

June  27,  1895 

May  19,  1896 

Mar.  25,  1896 

Sept.  6,  1887 

Sept.  19,  1894 

Sept.  25,  1895 

Feb.  15,  1899 

June  20,  1894 

July  12,  1887 

Oct.  2,  1888 

Jan.  22,  1896 

April  18,  1894 

Dec.  1^  laWk 


792 


ASSOCIATE  MEMBERS 


Name. 
IWADARE,   KUNIHIKO 


Jackson,  Wm.  Steell 


Jaeger,  Charles  L. 


Address. 

Electrician,  Nippon  Electric  Companyp 
2  Shikokumachi  Mita  Shibaku, 
Tokyo,  Japan. 

4th  Assistant  Examiner,  Patent  Office; 
residence.  32s  Spruce  St.,  N.  W., 
Washington,  D.  C. 

Inventor,  May  wood,  N.  J.,  Electric 
Recording  Ship  Apparatus,  Labora- 
tory. 132  Mulberry  St.,  New  York, 
N.'Y. 

Expert  Draughtsman,  Otis  Bros.  & 
Co..  iesidence,iooBucna  Vista  Ave., 
Yon  Vers.  N.  Y. 

Engineer  and  Sales  Agent,  Morgan- 
Gardner  Electric  Co. ;  residence,  70 
Jefferson  Ave.,  Columbus,  O. 

The  Electrical  World,  9  Murray  St.. 
New  York  City. 

Care  of  (iibbs,  Bright  &  Co.,  Mel- 
bourne, Australia. 

Professor  of  Machine  Design,  Uni- 
versity of  Wisconsin,  Madison,  Wis. 

Agent,  General  Electric  Co.,  Casilla 
1317  D  Santiago,  Chile. 

Member  of  Firm,  the  Electric  Construc- 
tion and  Supply  Co.,  Montgomery, 
Ala. 

Contractor,  and  Student  in  Senior 
Class,  Cornell  University,  Ithaca, 
NY. 

Assistant  Engineer,  Snoqualmie  Falls 
Power  Co.,  Seattle,  Wash. 

Oswego,    N.    Y. 

General  Agent,  The  Royal  Electric 
Co.,  Toronto  ;  residence,  87  Jameson 
Ave.,  Toronto,  Ont. 

Supt.  of  Electric  Light  Construction, 
Western  Electric  Co., 57  Bethune  St., 
New  York   City;    residence,    Eliza- 
beth. N.  J. 

U.  S.  Electric  Power  and  Light  Co., 
Holliday  and  Centre  Sts. ,  and  330 
N.  Charles  St.,  Baltimore,  Md. 

Vice-Prest.  and  General  Manager, 
Westinghouse  Machine  Co  ,  Pitts- 
burg, Pa.;  Mailing  address.  Edge- 
wood  Park    Pa. 

Keller,  Edwin  R.,A/.£.     Mechanical  and  Electrical   Engineer, 

Falkenau  En^rineering  Co.,  Ltd., 
727  Reading  Terminal,  4823  Spring- 
field Ave.,  Philadelphia.  Pa. 

Kellogg,  James  W.,    M.E,    General    Electric    Co,    Lighting 

Dept.,  Schenectady,  N.  Y. 

Kelt.y,  Willta.m  F.  Manufacturers' Electric  Co.,  American 

and  Somerset  Sts.,  Philadelphia,  Pa. 

{20) 


Date  of  Election. 


Sept.  20,  1893 


April  22,  1896 


James,  Harry  D. 

Johnson,  Howard  S. 

Johnston,  W.  J. 

Jones,  Arthur  W. 

Jones,  F.  R. 

Jones.  G.  H. 
Jones,  Henry  C. 

Jones,  M.  E. 

JosLYN,  Howard. 

JuDsoN,  Wm.  Pierson 
Kammerer,  Jacob  A. 

Keeper,  Edwin  S. 


Dec.   20,  1893 

Nov.  23,  1898 

Mar.   22,  1899 
April  15,  1884 

Oct.    17,  1894 

May    20,  1890 

April   17,  1895 

Mar.   20,  1895 

Oct.     27,  1897 

May    17,  1898 
June      8,  1887 

April  28,  1897 


Keilholtz,  p.  O. 


Keller,  E.  E. 


April  18,  1894 

Mar.  21,  1893 

Sept.  20,  1893 

Mar.  21,  1894 

June  26,  1 89 1 

Mar.  24,  1897 
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Name.  Address.  Date  of  Election, 

Kenan,  \Vm.  R.  Jr.  Chemist     and     Electrical     Engineer, 

Lake  Superior  Carbide  Works, 
Sault  Ste.,  Marie,  Mich.  Jan.    20,  1897 

Ken.nelly,  Arthur  E.     {PresUent)  Electrician,  Firm  of  Hous- 
[Life  Member.!  ton    &    Kennelly,     1203-4     Crozer 

Bldg.,  1420  Chestnut  St.;  residence. 
The  I^ndsowne,  N.  41st  St.  and 
Parkside  Ave.,  Philadelphia,  Pa.  May      i,  1888 

Kkr,  W.  Wallace  Instructor    of    Electricity,      Hebrew 

Technical  Institute,  36  Stuyvesant 
St.,  New  York  City.  Residence,  626 
I^avonia  Ave.,  Jersey  City,  N.  J.  Sept.  25,  1895 

Kixc;,  Vincent  C,  Jr.       With  V.  C.  &  C.  V.  King,  517  West 

St.;  residence,  no  East  i6th  Street. 
New  York.  Aug.     5,  1896 

Klnsley,  Carl  Box  3S7.   Johns-Hopkins   University, 

Baltimore,   .Md.  May    18,  1897 

KiRKLAND,  John  W.  Electrical    Engineer,  General   Electric 

Co.,  Schenectady,  N.  Y.  Mar.    21,  1894 

KiTTLER,  Dr.  Erasmus     Professor  at  the  Technical  High  School, 

Darmstadt.  Germany.  Dec.   16,  1896 

Klauder,  Rudolph  H.     Electrical     Engineer,     The   Electric 

Storage  Battery  Co.,  Philadelphia, 
Pa.  Aug.    13,  1897 

Klinck,  J.  Henry  Dept.  Electrical  Engineering,  Lehigh 

University,  South  Bethlehem,  Pa.         Jan.     16,  1895 

Knox.  Frank  H.  15  Esplanade  St.,  Alleghany  Pa.  June   20,  1894 

Kno.x,  Geo.  W.  Electrical  Engineer,  Chicago  City  Rail- 

way Co..  202U  State  St.,  Chicago, 
III.  Nov.    18,  1896 

Knox.  S.  L.  G.  Mechanical  Engineer,   Stilwell-Bierce 

and  Smith-Vaile  Co.,  Dayton,  O.  Nov.  23,  1898 

Kreidler,  W.  A.  Editor   and   Publisher,    IVestern  EUc- 

triiian,  510  Marquette  Building, 
Chicago,  III.  Oct.      4,  1887 

Labouisse,  John  Peter  Af.E.     Electrical     Engineer.     General 

Electric  Co.,  40  Park  St.,  Lynn, 
Mass.  Aug.      5,  1896 

Lamb,  Ricilxrd  Chief  Engineer,  in  charge  business  of 

the  Lamb  Electrical  Cable  ways.  The 
Trenton  Iron  Co.,  No.  1  Broadway, 
New  York  City.  Dec.    18,1895 

Lani»,  Frank  Soc'y  anM  Treas.,    I.  A.  Weston   Co., 

residence,   22 [    Green    St,    Syracu.se. 
N.  Y.  Sept.  22,  1 891 

Lane,  Vance  Manager    and     .Superintendent    Con- 

struction, Nebraska  Telephone  Co., 
Omaha,  Neb.  Dec.    19,  1894 

Lani'HEAR.  Bi  rton  S.       Instructor    in  Expeiimental  Engineer- 
ing, Cornell  University,  Ithaca. N.Y.     Jan.     16,1895 

(18) 
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Name.  Address.  Date  of  Election. 

Lanman,  William  H.  Board  of  Patent  Control,  120  Broad- 
way, New  York  City.  June     6,  1893 

Lardner,  Henry  Ackley     Borough    of    Manhattan    Electric 

Co.,  33  Gold  St.,  New  York  City.        Dec.    19.  1894 

Larned,  Sherwood  J.       Superintendent,    Chicago    Telephone 

Co.,  203  Washington  St.,  Chicago, 
111.  Oct.    17,  1894 

Larrabee,  Rollin  N.        Western  Electric  Co.,  242  Jefferson  St., 

Chicago.  [11.  Mar.  20,  1895 

Latham  Harry  Milton  In  Engineering  Department,  Ameri- 
can Bell  Telephone  Co.,  42  Fams- 
worth  St.,  South  Boston,  Mass.  Dec.   16.  1896 

Lawrence,  W.  H.  Assistant  Superintendent,  Second  Dis- 

trict, Edison  Electric  Illuminating 
Co.,  49  Wci^t  26ih  St.,  New  York, 
N.  Y.  April  26,  1899 

LeBlanc,  Charles  Ingenieur  en   Chef,  de  la  Compagnie 

Generaie  de  Traction,  24  Boulevard 
des  Capucines,  Paris,  France.  April   17,  1895 

LeClear,  GiKFORD,  Electrical  and  Mechanical  Engineer, 

Partner  Densmore  &  Le  Clear,  7 
Exchange  Place.  Boston,  Mass.; 
resideace,  Cambridge,  Mass.  Oct.     27,  1897 

LkConte,  Joseph  Nisbet     Instructor  in  Electrical  Engineering, 

State  University,  Berkeley,  Cal.  Feb.    27,  1895 

Lkdoux,  a.  R.,  M,  S,,  PA.D.,  99  John  St.,  New  York  City.         Dec.      7,  1886 

Lee.  Francis  Valentine  T.     Engineer,  (Pacific  Coast   Dcpt.) 

Stanley  Electric  M'f'g.  Co.,  300 
California  .St.,  San  Francisco,  Cal.        Mar.    23,  1898 

Lke,  John  C.  Chemist    and    Electrician,    American 

Bell  Telephone  Co.,  Mount  fort  St., 
Longwood,  Brookline.  Mass.  Mar.    18,  1890 

Leitch,  Howard  Wallace     Switchboard      Regulator.      The 

Edibon  Elect.  Illuminating  Co.,  res 
idence,  373  Madison  St.,  Brooklyn, 
N.  V.  Nov.  23,   1898 

Lemon,  Charles,  Hon.  Sec'y  for  New  Zealand  for  the 

Institution  of  Electrical  Engineers, 
Palmerston,  North,  New  Zealand.       Jan.     22,  1896 

Lenz,  Charles  Otto        Electrical  Engineer,  150,  Camp  Street, 

Providence,  K.  1.  Mar.    15,  1892 

Le  PoNTOis,  Leon.  Electrical  Engineer,  The  Westinghouse 

Elec.  and  Mfg.  Co.,  Pittsburg,  Pa.       Dec.    18,  1895 

Lktiirule,  Paul  Electrical  Engineer,  Commissioned  by 

French  Government,  27  Rue  de 
Londres,  Paris,  France.  May    17,  1898 

Levy,  Arthur  B.  Assistant  Engineer,  Arc  Light  Dept., 

General  Electric  Co.,  Sio  Lexington 
Ave.,  New  York  City.  Jan.    20,  1891 

Lewis,  Henry  Frederick  William,   Redlands.  48  Sydenhain 

Road,  Croydon,  Surrey,  England.        Mar.      5,  1889 

Libby,  Samuel  Byinuton    Supt.  N.  Y.   &  S.  L   Electric  Co., 

West  New  Brighton,  N.  Y.  Feb.    23,  1898 

LiLLEY,  L.  G.  Electrical     Inspector,     Underwriters' 

Association  of  Cincinnati,  S.  W.  Cor. 
3d  and  Walnut  Sts  ,  Cincinnati,  O. ; 
residence,  Wyoming,  O.  June   20,  1894 
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Name. 

Lindsay,  Robert 


Lindsay,  Wm.  E. 


Little,  C.  W.  G. 


LOEWENTHAL,  MaX 


Address. 

General  Supt.  The  Cleveland  Elec.  111. 
Co.,  717  Cuyahoga  Building,  Cleve- 
land, Ohio. 

Consulting  Mechanical  and  Electrical 
Engineer.  Anglo-American  Provision 
Co.,  Union  Stock  Yards,  Chicago, 
III. 

Engineer,  British  Thomson-Houston 
Co.,  83  Cannon  Street,  I^ondon, 
Eng. 

Livingston,  Johnston  Jr.  56  E.  49th  St.,  New  York  City. 

LoEWENHERZ,  HERMAN     ElectHcal  and  Mechanical  Engineer. 

1376   Lexington  Ave.,    New    York 
City, 

Manager,  Publication  Dep't.  The 
Electrical  World  and  Electrical  En- 
gineer ;  residence,  1057  Lexington 
Ave.,  New  York  City. 

32  University  Ave.,  Ithaca,  N.  Y. 

Superintendent  of  Construction,  The 
Callender  Telephone  Exchange  Co., 
Troy,  O. 

Electrical  Engineer.  The  Callender 
Telephone  Exchange  Co  ,  Troy,  O. 

Manager  of  New  York  Branch.  Queen 
&  Co.,  Inc.;  residence,  340  East 
119th  St.,  New  York  City. 

Assistant  in  Electrical  Engineering, 
Columbia  University  ;  residence, 
222  East  49th  St.,  New  York,  N.  Y. 

Editor  and  Proprietor,  Journal  of 
Electricity,  427  Tenth  Ave..  San 
Francisco,  Cal. 

Electrical  Engineer,  Member  of  Firm 
of  Bullock  Electric  Co.,  St.  Paul 
Bldg.,  New  York  City. 

With  Western  Electric  Co.,  57  Bethune 
St.,  New  York  City. 

Electrical  Engineer,  20  Broad  St.,  resi- 
dence, 109  W.  69th  St.,  New  York 
Citv. 


LOHMANN,  R.  W. 

LoRiMER,  Geo.  Wm. 

Lorimer,  James  Hoyt 
Louis,  Otto  T. 

Lovejoy,  1).  R. 
Low,  George  P. 

LoziER,  Robert  T.  E. 

Ludlam,  Harry  W. 
LuNDELL,  Robert 


Luquer,  Thatcher,  T.  P.     New    York     Telephone    Co.,     15 

Dey  St.,  residence,  Bedford,  N.Y. 

Lyman,  Chester  Woi.cott,  M.  A.     30  Broad  St.,  New  York, 

N.  Y. 


Lyman,  James 

[Life  Member.] 

Lynn,  Wm.  A. 


839  Union  Street,  Schenectady,  N.  Y. 


Lyons,  Joseph, 


Assistant  in  Electrical  F^nginecring, 
Universiiv  of  California,  Berkeley, 
Cal. 

Patent  Solicitor,  with  Gustav   Bissing 
908  G.  St.,  Washington,  I). 

Maccoun,  Andrew  Ellicott  Supt. of  the  Electrical  nep't..The 

Carnegie  Steel  Co.,  Braddock,  Pa. 

MacCulloch,  Robert  C.     Manager,  Jos.  Lough  Electric  Co., 

503    Fifth  Ave.;  residence,  209  W. 
81st  St..  New  York  City. 
(22) 


Date  of  ElooCion. 
April  27.  1898 

April  17.  1895 

April  22,  1896 
May  17,  1898 

Feb.  27,  1895 

Mar.  23,  1898 
Nov.  23,  1898 

Aug.  5,  1896 
Aug.   5,  1896 

Feb.  23,  1898 
April  28,  1897 
Jan.  17,  1893 

May  20,  1890 
Dec.  18,  1895 

Feb.  7,  1890 

June  26,  189X 

Sept.  x9,  1894 
Sept.  19,  1894 

Jan.  25,  1899 
June  24,  1898 
Nov.  20,  189s 

Feb.  27,  189$ 
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Name.  Address. 

Mayrhofer.  Jos.  Carl    Electrical  En^^fineer,  165  W.  82d   St., 

New  York  City. 

McCarthy  Bros.  &  Ford,  45  North 
Division  St.;  residence,  382  West 
Ferry  Street,  Buffalo,  N.  Y. 


McCarthy,  E.  D. 


McCluer,  Chas.  p. 
McClurg,  W.  a. 


District  Inspector,  So.  Bell  Tel.  and 
Tel.  Co.,  Richmond,  Va. 

Manager,  Electrical  Dept.,  Plainfield 
Gas  and  Electric  Light  Co.,  207 
Madison  Ave.,  Plain  field,  N.  J. 

McElroy,  James  F.  Consulting    Engineer,    Consolidated 

Car  Heating  Co.,  131  Lake  Ave., 
Albany,  N.  Y. 

McKiBBiN,  Georgb  N.       Reed   &    McKibbin,    General    Street 

Railway  Contractors,  30  Broad  .'^t 
New  York  City. 

McKissiCK,  A.  F.  Professor  of    Electrical   Engineering, 

The  A.  &  M.  College  of  Ala.. 
Auburn,  Ala. 

McRae,  Austin  Lee         Consulting  Electrical    Engineer,   306 

Oriel  bidg  ,  St.  Louis,  Mo. 

Meadows,  Harold  Gregory    Associate  Engineer  (Elec.)  with 

Newcomb  Carlton,  109  White  Build- 
ing ;  residence,  238  Elmwood  Ave. , 
Buffalo,  N.  Y. 


Date  of  Election. 

June  20,  1894 

Nov.  18,  1896 

Apr.  22,  1896 

Dec.  20,  1893 

Nov.  15,  189a 

jane  8,  1887 

Feb.  16,  189a 

May  17,  1892 


Medina,  Frank  P. 

Meredith,  Wynn 

Merrill,  E.  A. 

Merrill,  Josiah  L. 
Merritt,  Ernest 
Merz,  Chas.  H. 


Electrician,  Pacific  Postal  Telegraph 
Co.,  534  Market  St..  San  Francisco, 
Cal. 

Electrical  Engineer,  Benjamin,  Hunt, 
and  Meredith,  331  Pine  St.,  San 
Francisco,  Cal. 

Manager,  New  York  Office,  Macintosh 
and  Seymour,  26Cortlandt  St.,  New 
York  City. 

Electrical  Engineer,  c/o.  General 
Electric  Co.,  New  Orleans,  La. 


Assistant  Professor  in  Physics,  Cornell 
University,  Ithaca.  N,  Y. 

The  British  Thomson -Houston  Ltd.. 
83  Cannon  St.,  London,  E.C.:  resi- 
dence. The  Quarries,  Newcastle-on- 
Tyne,  England. 

Electrical  Engineer,  (leneral  Electric 
Co.,  residence.  Hotel  Edison, 
Schenectady,  N.  Y. 

Consulting    Engineer,    55   Broadway, 
New  York  City. 

Electrical  Engineer,  Diehl  Mfg.  Co.; 
residence,  1025  E.  Jersey  St., 
Elizabeth,  N.  J. 

Electrical  Engineer  and  Patent  Ex- 
pert, Box  323,  Scranton,  Pa. 

Miller,  Wm.  C,  Af,  S.     Electrical   Engineer.    3   South    Hawk 

St  ,  Albany,  N.  Y. 


Sept.  23,  1896 

Sept.  19,  1894 

Jan.     17,  1893 

Sept.  20,  1893 
Sept.  25,  1895 
Sept.   16,  1890 


Mkyrr.  Hans  S. 

Meyer,  Julius 
Miller,  Herbert  S. 

Miller,  Kempster  B. 


(20) 


Sept.  25,  1895 

July  27,  1898 
Oct.  25,  189a 

Mar.  22.  1899 
Sept.  88,  1898 

Oct.  21,  1890 
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Name.  Address. 

Mitchell,  Sidney  Z.        Manager.    Oregon,    Wiishington  and 

Idaho  Agency,  General  Klectric  Co., 
Fleischner  Building,  Portland,  Ore. 

Mole,  Harvey  Edward   Ass't  in    Engineering   Dept.  J.   G 

White  &  Co.,  29  Broadway;  resi- 
dence, 320  West  58th  St.,  New 
York  City. 

Montagu,  Ralph  Lech  mere  Chief  of  Electrical  Department,  The 

Gold  Dredging  Co.^  Bannack,  Mont. 

General  Superintendent  and  Electrician 
The  Augusta  Railway  &  Electric  Co., 
Augusta,  Ga. 


Date  of  Election. 


Nov.    12,  1889 


Moore,  Wm.  E. 


Mora,  Mariano  Luis 
Mordey,  Wm.  Morris 

Morehouse,  H.  H. 


Morgan,  Chas.  H. 
Morgan,  Jacque  L. 

Morley.  Edgar  L. 
Morrison,  J.  Frank 
Morse,  George  H. 


General  Electric  Co.,  44  Broad  St.. 
New  York  City. 

Consulting  Electrician,  82  Victoria  St., 
Grosvcnor  Mansions.  Westminster, 
London,  Eng. 

Morehouse  and  Morrill.  General 
Electric  Installation  and  Contract- 
ing Work,  Apartado  No  44,  Quez- 
altenango,  Guatemala,  C.  A. 

1015  13th  Street,  Altoona,  Pa. 

Electrical  Inspector,  Kansas  City  Fire 
Dep't  ;  residence,  1 702  Locust  St. , 
Kansas  City,  Mo. 

Sup't  Hatzel  &  Buehler,  114  5th  Ave., 
New  York  City. 

Manager,  The  Northern  Electric  Co. 
15  South  St.,  Baltimore,  Md. 


Nov.  30,  1897 
Feb.  26,  1896 

Jan<  22,  1896 
Mar.  20,  1895 

Sept.  22.  X891 


MoRSs,  Everett 
Mortland,  James  A. 


Electrical  Engineer,  St.  Joseph  and 
Benton  Harbor  Electric  Railway  and 
Light  Co.,  St.  Joseph,  Mich. 

Vice-President,  .Simplex  Electric  Co., 
303  Marlboro  St.,  Boston,  Mass 

Sergeant  12th  Co.,  U.  S.  V.,  Signal 
Corps,  Official  Photographer,  3  J 
Army  Corps,  Montezuma,  Iowa. 

Morton,  Henry,  Ph.D,    President  of  Stevens  Institute  of  Tech- 
nology, Hoboken,  N.  J. 

Moses,  Dr.  Otto  A.  Electrician,    1037    Fifth    Ave.,    New 

York  City. 

Moses,  Percival  Robert,  E.  E.  Electrical  Engineer,  35  Nassau 

St.:    residence,    46  West  97th  St., 
New  York  City. 

MosscROF,  Wm.  A.,  i1/.^.    Electrical    Engineer,    189   Montague 

St.,  Brooklyn,  N.  Y. 

Munns,  Chas.  K.  Electrical  Engineer,  Corning,  Iowa. 

Murphy,  John  McL.         Electrical     Engineer,     Safety     Third 

Rail  Electric  Co.,   5    Beekman  St., 
Room  223,  N.  Y. 

Mi?s<  HF^MIKIM,  Fred'k  A.  Electrical  Engineer.    Western   Elec- 

tiic  Co..  57  Bethune  St.,  residence, 
'    41  W.  31st  St  .  N.  Y.  City. 

(21) 


Feb.  21,  1894 
Aug.  5,  1896 

Jan.  26,  1898 
Sept.  25,  1895 
April  15,  1884 

.May  15,  1894 
Sept.  22,  1891 

Feb.  23,  1898 
May  94,  1887 
May  17,  1887 

Dec.  19,  1894 

May  7,  1889 
Nov.  21,  1894 

Oct.  26,  1898 
April  27,  1898 
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Name. 

Neilson,  John 


Newbury,  F.  J. 


NiMis,  Albert  A. 


Nock,  Geo.  W. 


NoxoN,  C.  Per  Lee 


Addrns. 

Sup't.  of  Interior  Wiring  Departmentp 
Larchmont  Electric  Co. ,  Larchmont, 
N.  Y. 

Manager  Insulated  Wire  Department, 
John  A.  Roebliag*s  Sons  Co., 
Trenton,  N.  J. 

Electrical  Contractor,  Nimis  &  Nimis, 
59  East  5th  Street,  St.  Paul,  Min. 
and  204  E.  86th  St.,  N.  Y.  City. 

Chief  Engineer,  in  charge  of  Steam  and 
Electric  Plant  Westinghouse  Elect, 
and  Mfg.  Co.,  Pittsburg,  Pa. 

Manufacturer,  High-Frequency  X- 
Ray  Apparatus,  Dynamos  and 
Motors,  500  East  Water  Street, 
Syracuse,    N.    Y. 


NUNN.  Richard  J.,  M,D.  Physician,  iig^JYork  St.,  Savannah, 

Ga. 


Nyhan,  J.  T. 

OCKERSHAUSEN,   H.  A. 

Oi,  Saitaro 


Superintendent  and  Electrician,  Macon 
and  Indian  Spring  Electric  Railway. 
Macon,  Ga. 

Electrical  Engineer,  65  Madison  Ave., 
Jersey  City,  N.  J. 

Chief  Engineer  to  the  Bureau  of  Tele- 
graphs The  Ministry  of  Commu- 
nications, 16  Kamitomisakacho, 
Koishikawa,  Tokyo,  Japan. 

[Address  unknown.] 

Ingegnere  Industriale,  Ivrea,  Italy. 

Electrical  Engineer,  with  N.  Y.  and 
N.  J.  Telephone  Co.,  81  Willoughby 
St.;  residence,  183  Joralemon  St., 
Brooklyn,  N.  Y. 

Osborne,  Loyall  Allen  Assistant  to  2nd  Vice-President  West- 
inghouse Electric  and  Mfg.  Co., 
Pittsburg,  Pa. 

O^terberg,  Max,  E.E,*A,M.  Consulting  Engineer,  and  Elec- 
trical Expert,  Bowling  Green  Build- 
ing, New  York  City. 


Olan,  Theodor,  J.  W. 
Olivetti,  Camillo 

Ormsbee,  Alex.  F. 


Date  of  Election. 


May    18,  1897 


Sept.  23,  1896 


Aug.   13,  1897 


Aug.      5,  1896 


o'sui.livan,  m.  j. 

Otten,  Dr.  Jan  D. 

Page,  A.  D. 
Parker,  Herschel  C. 


Superintendent,  Electric  Light,  B.  &  O. 
R.  R.  Co.,  203  Hazelwood  Ave., 
Piitsburg,  Pa. 

Director,    Batavia  Electrische    Tram- 
Maatschappij,    Van   Baerlstraat  80. 
Amsterdam,  Holland. 

Assistant  Manager,  General  Electric 
Co.  Lamp  Works,  Harrison,  N.J. 


Tutor  in  Physics,  Columbia  University, 
21  Fort  Green  PI.,  Brooklyn,  N.  Y. 

Parmly  C.  Howard,  S.M.,  E.E.     College  of  the  City  of  New 

York,  17  Lexington  Ave. ;  residence, 
344  W.  2gth  St.,  New  York  City. 

(19) 


Oct.  17,  1894 

July  12,  1887 

Feb.  27,  1895 

Sept.  6,  1887 


Dec.  28,  1898 
May  16,  1893 
Oct.  17,  1894 


June  27,  1895 

Oct.  18,  1893 
Jan.  17,  1894 

Mar.  20,  1895 

Nov.  18,  1890 
Jan.  19,  1892 
April  19,  189a 

Feb.  21,  1893 


800 


ASSOCIATE  MEMBERS 


Name.  Address. 

Parry,  Evan  Engineer.  The  British  Thomson-Hous- 

ton  Ltd.,   Sunningdale,    Fitzgerald 
Ave.,  Mortlake,  London,  Eng. 

Parsell,  Henry  V.,fjR.    31  E.  aist  St.,  New  York  City. 

Patton,  Price  L  Sheble  &  Patton,  Ltd.,  1026  Filbert  St.; 

residence,    The    Bartram,    33d   and 
Chestnut  St.,  Philadelphia,  Pa. 

Supt.  of  Construction.  Western  Electric 
Co..  15 10  Howard  St.,  Omaha, 
Neb. 

187  Montague  St.;  residence,  700 
Nostrand  Ave.,  Brooklyn,  N.  Y. 

Prof,  of  Physics,  Adelphi  College, 
Brooklyn  ;  residence,  406  Classon 
Ave..  Brooklyn,  N.  Y. 

Peirce.  Arthur  W.  K.     Consulting  Electrical  Engineer  to  the 

Consolidated  Gold   Fields  of  South 
Africa.  Ltd.,  Johannesburg,  S.  A.  R. 

Electrical  Engineer  and  Contractor, 
774  Prospect  Ave.,  Buffalo,  N.  Y. 


Pearson,  Fred'k  J. 

PeCk,  Edward  F. 
Peckham,  W.  C. 


Perkins,  Frank  C. 

Petty,  Walter  M. 

Pfund,  Richard 

Phelps,  Wm.  J. 

Philbrick,  B.  W. 

Phillips,  Eugene  F. 
Phillips,  Leo  A. 


Superintendent  Fire  Alarm  Telegraph, 
Rutherford,  N.  J. 

With  Western  Union  Telegraph  Co., 
195  Broadway,  New  York  City. 

Electrical    Engineer  and   Contractor; 
residence,  Elm  wood.  III. 

Electrical   Engineer  for  J.   J.  Astor, 
Rhinecliff,  N.  Y. 


President,  American  Electrical  Works, 
Phillipsdale.    R.  L 

Superintendent,  New  York  and  Queens 
Light  and  Power  Co.,  66  Lawrence 
St.,  Flushing,  N.  Y. 

Phisterer,  Fred'k  William   188  State  St.,  Albany,  N.  Y. 

PiLLSBURY,  Chas.  L.  City  Electrical  Inspector,    City]  Hall, 

Minneapolis,  Minn. 

Electrical  Engineer,  The  Apollo  Iron 
and  Steel  Co.,  Vandergrift  Pa. 

Proprietor  and  Electrician,  The  Chas. 
Plumb  Electrical  Works,  70  West 
Swan  St.,  Buffalo,  N.  Y. 

Electrician,  Akron  Electric  Mfg.  Ca, 
1 106  So.  Main  St.,  Akron,  O. 

Editor      Electrical     Dep't.,      Power  ^ 
Pulitzer  Building;  residence,  206  W. 
80th  St.,  New  York  City. 

Traffic  Manager  'Southern  Bell  Tele- 
phone &  Telegraph  Co.,  residence, 
200  W.  83d  St.,  New  York  City. 

Pope.  Ralph  Wainwright    Secretary  to  the  American  Institute 

of  Electrical  Engineers,  26  Cortlandt 
St.,  (Telephone,  2199  Cortlandt), 
New  York  City ;  residence,  570 
Cherry  St.,  Elizabeth,  N.  J. 

(%2) 


PiNKERTON,  Andrew 
Plumb,  Charles 

POMEROY,  William  D. 
Poole,  Cecil  P. 

Pope,  Henry  W. 


Date  of  Rl«ction 

Sept.   25,  1895 
Nov.  12,  1889 

Mar.  20,  1895 

July  27.  1898 
May  20,  1890 

Nov.  30,  i8q7 

June  27,  1895 
Oct.  21,  1890 

May  16,  1893 

April  18,  1893 

Mar.  25,  1896 

May  15,  1894 

July  13,  1889 

Mar.  21,  1894 
Nov.  20,  1895 

Aug.  13.  1897 

Sept.  25,  1895 

June  20,  1894 
Mar.  22,  1899 

Jan.   3,  1888 
Mar.  23,  1898 


June  2,  1885 
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Name.  Address. 

Porter,  H.  Hobart,  Jr.   Agent,  Westtfighouse  Elec.  and  Mfg. 

Co.,  1 20  Broadway,  New  York;  resi- 
dence, Lawrence,  L.  1. 

Powell,  Percy  Howard  A/.  £.,  Bridgeport  Brass  Co.;  res- 
idence, 344  Male  St.,  Bridgeport, 
Conn. 


Editor  the  Elecincal  Review,  41  Park 
Row,  New  York  City;  residence, 
223  Garfield  Place,  Brooklyn,  N.  Y. 

Electricial  Engineer,  Carbide*  Works, 
Niagara  Falls,  N,  Y. 

Edison  Illuminating  Co..  New  York 
City  ;  residence.  868  Flatbush  Ave., 
(Flatbush  Station).  Brooklyn,  N.  Y. 

Electrician,  Cicero  Water,  Gas  and 
Electric  Light  Co.,  Oak  Park,  111. 

General  Manager,  Riker  Electric  Motor 
Co.,  Brooklyn;  residence,  Newtown, 
L.  I.,  N.  Y. 

Electrician,  c/o  Baltimore  Copper 
Works.,  Keyser  Bldg.;  Baltimore, 
Md. 

PUPIN,  Dr.  Michael  I.     (  Vice  President)  Adjunct  Professor  in 

Mechanics,  Columbia  University  ; 
residence,  7  High'and  Place,  Yonkers 
N.  Y. 


Price,  Chas.  W. 

Price,  Edgar  F, 
Prince,  J.  Lloyd 

Privat,  Louis 
Proctor,  Thos.  L. 

Prosser,  Herman  A. 


Date  of  Election. 
Mar.    25,  1896 

Sept.  25,  1895 

Sept    19,  1894 
June    27,  1895 

Feb.    27,  1895 
Dec.    19,  1894 

April  18,  1894 

Jan.    26,  1898 


•Randall,  John  E. 
Randolph,  L.  S. 
Kathenau,  Erich 

J^AV,  WiLUAM  D. 

Read,  Robert  H. 
•Reed,  Chas.  J. 
Keed,  Harry  D. 


Reed,  Henry  A. 


Reichmann,  Fritz 
Keid,  Edwin  S. 

<i9) 


Columbia  Incandescent  Lamp  Co., 
191 2  Olive  St.,  St.  Louis,  Mo. 

Professor  of  Mechanical  Engineering, 
Blacksburg,  Va. 

Electrical  Engineer.  AUg.  Electricitats 
Gesellschaft,  Berlin,  Germany. 

General  Manager  G.  P.  Magann  Air 
Brake  Co.,  46  Campau  Building, 
Detroit,  Mich. 

Patent  Attorney,  44  Broad  St.,  New 
York  City. 

Electrician,  3313  N.  i6th  St.,  Phila- 
delphia, Pa. 

Electrician,  Bishop  Gutta  Percha  Co., 
420  East  25th  St.,  New  York  City; 
residence.  88  North  9th  St.,  New- 
ark, N.  J, 

Secretary  and  Manager,  Bishop  Gutta- 
F^ercha  Co.,  422  East  25th  St.,  New 
York  City;  residence,  88  North  9th 
St.,  Newark^  N.  J. 

Ryerson  Physical  Laboratory,  Uni- 
versity of  Chicago,  Chicago,  111. 

General  Sup't  of  Construction,  National 
Conduit  and  Cable  Co  ,  17  Times 
Building:   residence,    X12    Madison 


Mar.  18,  1890 

May  7,  1889 

Feb.  21,  1893 

Nov.  20,  1895 

Sept.  27,  1892 

Jan.  19,  189a 

Mar.  5,  1889 


Sept.   19,  1894 


June     4,  1889 
Mar.   23,  1898 


ling 

„  N< 


Ave.,  New  York  City 


Feb.    26,  X896 
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Name.  Address.  Date  of  Electioo. 

Reilly,  John  C.  General  Supt.,  N.  Y.  &  N.  J.  Tel.  Co.. 

i6  Smith  St.»  Brooklyn,  N.  Y.  April  15,  1884 

Rennard,  John  Clifford,  /4.  B.  E,  E,  Consulting  and  Super- 
vising Electrical  Engineer,  15  Dey 
St.,  New  York  City.  Jan.     16,  1895 

Reno,  C.  Stowe  Electrical  Enjjineer.  Triumph  Electric 

Co.,  620  Baymiller  Street,  Cmcin- 
nati,  Ohio.  Nov.  23,  1898 

Requier,  a.  Marcel        Electrical     Engineer,     Westinghouse 

Electric  Co..  (I,Vd.)  32  Victoria  St., 
London,  S.  \V.  Eng.  Dec.    20,  1893 

Rice,  Arthur  L.  Professor  of  Steam  and  Electrical  En- 

gineering, Pratt  Institute,  Brooklyn, 
N.  Y.  Oct.    21,  1896 

Rich,  Francis  Arthur    Manager,    Woodstock    G.     M.     Co., 

Karangahake,  Auckland,  New  Zea- 
land. Jan.  20,  1897 

Richards,  Chas.  W.         C.  W.  Richards  &Co.,  64  Federal  St., 

Boston  ;  residence,  Needham,  Mass.     Sept.  23,  1896^ 

Richey,  Albert  S.  Electrician,   Citizens'  Street   Railway 

Co..  403  \V.  Adams  Street,  Muncie, 
Ind.  May    18.  1897 

RiCKER,  Charles  W.         Electrical      Engineer,     702     Ellicott 

Square,  BufTak),  N.  Y.  May    15,  1894 

• 

Rideout,  Alexander  C.  LL,  Z>.,     Consulting    Electrical    and 

Mechanical  Engineer,  Rideout  & 
Gage.  loi  Randolph  St.  .Chicago, 111.     Aug.      5,1896- 

RiPLEY,  Wm.  Howe  605    Lexington   Avenue,    New    York 

City.  Feb.    17,  1897 

Rittenhouse,  Chas.  T.    247  W.  138th  St.,  New  York  City.  Feb.    21.  1894 

RoBERSON,  Oliver  R.        Electrician,  Western  Union  Telegraph 

Co.,  195  Broadway,  P.  O.  Box  856, 
New  York  City.  Dec.    20,  1895 

Robinson,  Almon  Webster  Road,  P.  O.  Box  943,  Lewis- 

ton,   Me.  Sept.     6,  1887 

Robinson,  Dwight  Parker     Manager,     Edison    Illuminating 

Co.,  15  South  St.,  Baltimore,  Md.        Sept.  25,  189s 

Robinson,  Francis  George    With  Metropolitan  Street  Railway 

Co.;  residence.  138  E.  6ist  Street, 
New  York  City.  Nov.   21,  1894 

Rodman,  Samuel,  Jr.       (Late  ist  Lieut.,  2nd  U.  S.  Artillery), 

Electrician  and  Expert  in  High  Ex- 
plosives. Room  106,  Pullman,  Bldg., 
Chicago,  111.  Sept.  16,  1896 

RoEBLiNG,  Ferdinand  W.  Manufacturer    of    Electrical    Wires 

and  Cables,  Trenton,  N.  J.  June     8,  1887 

(18) 
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Name.  Address.  Date  of  Election. 

Roller,  Frank  W.  Af.E,  Electrical  Engineer,  Machado&  Roller, 

Electrical  Machinery,  203  Broadway, 
N.  Y.;  residence,  Cranford,  N.  J.        May    21,  1895 

Roper,  Denney  W.  Edison  Illuminating  Co.  of  St.  Louis, 

Mo.,  Alton,  111.  June     6.  1893 

RosEBRUGH,  Thomas  Reeve  Lecturer  in  Electrical  Engineering, 

.School.of  Practical  Science,  Toronto, 
Ont.  June  26,  1891 

ROSENBAUM,  Wm.  A.  Electrical  Expert  and  Patent  Solicitor, 

177    Times    Building,    New    York 
City.  ^  Jan.       3,  1889 

Rosenberg.  E.  M.,  M.  E.  Residence,  138  \V.  85th  St.,  New  York 

City.  Oct.    21,  1890 

RosENBUscH,  Gilbert      Engineer,  Sprague  Electric  Co.,  South 

Orange,  N.  J.  Sept.  28,  1898 

Ross,  Taylor  William    Second    Assistant    Engineer,    U.   S. 

Revenue   Cutter    Service,    Revenue 
Cutter  •* Perry,"   Astoria,  Or.  Mar.   25,1896 

Rowland,  Arthur  John     Professor  of  Electrical  Engineeriug, 

Drexel    Institute:    residence,    3220 
Spencer  Terrace,  Philadelphia,  Pa.       Sept.    19,  1894 

Rowland,  Henry  A.         Professor  of   Physics,  Johns  Hopkins 

University,  Baltimore,  Md.  Mar.    21,  1894 

Royce,  Fred  \V.  Electrician  and  Patent  Solicitor,  1423 

New      York      Ave.,     Washington, 
D.  C.  April  15,  1884 

RusHMORE,  David  B.         Wendell  Hall,  Pittsfield,  Mass.  Sept.    25,  1895 

Rutherford,  Walter      Manager  Electric  Traction  Dep't,  Dick 

Kerr  &  Co..  Ltd.,  iioCannonSt., 
London  E.  C,  England.  Sept.   22,  189] 

Sage,  Henry  Judson        Sage  &   Co.,     Electrical     Engineers, 

Rochester,  Pa.  Dec.    20,  1893 

Sahulka,  Dr.  Johann      Docent  of  Elcctrotechnics,  Technische 

llochschule.  Vienna,  Austria.  Dec,    20,  1893 

Sanborn,  Francis  N.         Ass't  Master  Mechanic.  Coe  Brass  and 

Mfg.  Co.,  Torrington,  Conn.  Nov.   24,  1891 

Sanderson,  Edwin  N.       Of  Sanderson  &  Porter,  Engineers  and 

Contractors,     120   Broadway,    New 
York  City.  Oct.     17,  1894 

Sargent,  Howard  R.       Electrical  Engineer.  (General  Electric 

Co.;  residence,  706  East  Liberty  St., 
Schenectady,  N.  Y.  Mar.    25,  1896 

Satherberg,  Carl  Hugo    Chief  Engineer,  The  Midvale  Steel 

Co..  Nicetown.  Phila.,  Pa.;  residence 
1752  N.  26th  St.,  Philadelphia,  Pa.      Aug.     5,  1896 

Sawyer,  Fred.  W.  68  Mount  Vernon  St.,  Fitchburg,  Mass.     June    27,1895 

Saxelby,  Frederick         Electrical  Engineer.  288  Summer  Ave., 

Newark,  N.  J.  June     5,  1888 

(20) 
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Name. 

ScHEiBLE,  Albert 
ScHLossBR,  Fred.  G. 


Address. 

Secretary,  George  Cutter  Co.,  loo 
Lake  Street,  Chicaj^o,  111. 

Superintendent  of  Electric  Dept. ,  La- 
clede Gas  Light  Co.,  41  x  N.  ixth 
St.  Louis,  Mo. 

ScHREiTER,  Heinr.  C.  E,    Counsellor  and  Attorney,  20  Nassau 

St ,  New  York  City. 

SCHUM,  Chas.  H.  Electrical  Engineer.    F.  A.  La  Roche 

&  Co.,  216  Third  Ave.,  New  York 
City. 

Schwab,  Martin  C.  Electrical    Engineer,    with    Northern 

Electric  Co.,  15  South  St.;  resi- 
dence, 1729  Madison  Ave.,  Balti- 
more,   Md. 

Schwabe,  Walter  P.       Superintendent,    Rutherford,    Boiling 

Springs  and  Carlscadt  Electric  Co. , 
Carlstadt,  N.  J. 

Schweitzer,  Edmund  Oscar,    Electrical    Inspector,     Chicago 

Edison  Co.,  139  Adams  St.:  resi- 
dence, 1906  Oakdale  Ave.,  Chicago, 
111. 

SciDMORE,  Frank  L.         With   N.  Y.  C.  &  H.  R.  R.  R.   Co., 

office  of  A.  F.  A.;  residence,  21 
Highland  Ave.,  Yonkers,  N.  Y. 


Scott,  Wm.  M. 


Searing,  Lewis 


Electrical  Engineer.  The  Cutter  Elec- 
trical and  Mfg.  Co.,  1112  Sansom 
St.,  Philadelphia,  Pa.;  residence, 
108  West  Johnson  St  ,  German- 
town,  Pa. 

Consulting.  Mechanical,  and  Electrical 
Engineer.  Denver  Engineering 
Works,  Denver,  Col. 


Searles,  a.  L. 
Sedgwick,  C.  E. 


See,  a.  B. 


Engineering  Dept. ,  Fort  Wayne  Elec- 
tric Corporation,  Fort  Wayne,  Ind. 

Agent  at  San  PVancisco  OfHce,  General 
Electric  Co  ,  15  First  St.;  residence, 
Berkeley,  Cal. 

A.  B.  See  Manufacturing  Co.,  116 
Front  St. ;  residence,  107  East  19th 
St  .  (Flatbush),  Brooklyn,  N.  Y. 

Seitzinger,  Harry  M.     Consulting  and  Constructing  Engineer, 

6  Northampton  St.,  Wilkes- Barre,  Pa. 

Mechanical  and  Electrical  Engineer, 
99  Cedar  St.,  New  York  City;  resi- 
dence. Plain 6eld,  N.  J. 

With  Fort  Wayne  Electric  Corpora- 
tion, 150  Devonshire  St.,  Boston, 
Mass. 


Serrell.  Lemuel  Wm. 


Serva,  a.  a. 


Shakfner,  S.  C. 


Sharps,  £.  C. 


Supt.  and  Electrician.  Electric  Light- 
mg  Co.  of  Mobile,  Box,  234, 
Mobile,  Ala. 

John  A.  Roebling'i  Sons'  Co..  2$  Tre- 
mont  St  ,  San  Francisco,  Cal. 

Shaw,  Howard  Burton  Assistant  Professor  Electrical  Engi- 
neering, Missouri  State  University, 
Columbia,  Mo. 

^9) 


Date  of  Election 
June   20,  1894 

Sept.  22,  1 89 1 
Jan.     17,  1893 

Feb.    23,  1898 


Nov.  18,  1896 


May    19,  1896 


Feb.     15,  1899 


Dec.    18,  1895 


June  23.  1897 

Aprih    3.  iW* 
April  x8,  1894 

Feb.  23,  1898 

Jan.  17,  1893 
Sept.  20,  1893 

Nov.  I,  1887 

Dec.  20,  1893 

Aug.  13.  1897 
Feb.  26,  1896 

April  28,  1897 
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Name. 

Shields.  \V.  J. 
Shock,  Thos.  A,.  \V. 


SisE,  Charles  K. 


Address. 
Consulting   Engineer.  New  Wilming- 
ton, I'a. 

Gen'l  Sup't  Portland  General  Electric 
Co.,  Portland,  Or. 

Simpson,  Ai-EXANDER  B.    Electrical      Engineer.      54     Maiden 

Lane.     N.     Y.     City ;    residence. 
Whitestone,  L.  I. 

Simpson,  J.  Manley  Assistant  Superintendent,  Nortwestern 

Grass  Twine  Co.,  P.  O.  Box  2513, 
St.  Paul,  Minn. 

President,  Bell  Telephone  Co..  of 
Canada.  P.  O.  Box  1918,  Montreal, 
Canada. 

Skirrow,  John  F.  Ass't  Manager,  Postal  Telegraph  Cable 

Co.,  New  York  City;  residence.  183 
N.  19th  St  ,  East  Orange.  N.  J. 

Sladf,  Arthur  J.,  Fh,D,     Engineer,  44  Broadway;  residence, 

62  East  66th  St.,  New  York  City. 

Slater,  Frederick  R,      Designing  Department,  Otis  Bios.  & 

Co..  153  Warburton  Ave.,  Yonkers, 
N.  Y. 

Chief  Electrician.  San  Francisco  Gas 
and  Electric  Co.,  229  Stevenson 
St.;  residence,  418  Eugenia  Ave., 
San  Francisco,  Cal. 

Smith,  Harold  Babbitt  Professor  of  Electrical    Engineering, 

Worcester  Polytechnic  Institute; 
residence,  Trowbiidge  Road,  Wor- 
cester, Mass. 

Smith,  J.  Brodie  Supt.    and     Electrician.     Manchester 

Electric  Light  Co.,  142  Merrimack 
St.,  Manchester,  N.  H. 


Smith,  Frank  E. 


Smith,  J.  Elliot 
Smith,  Oberlin 


Superintendent  Fire  Alarm  Telegraph, 
122  W.  73d  St..  New  York  City. 


Smith,  T.  Jarrard 


President  and  Mechanical  Engineer, 
Ferracute  Machine  Co.,  Lochwold, 
Bridgeton,  N.  J. 

Manufacturers  and  Inventors*  Electric 
Co..  96  Fulton  St.,  Tel.  838  John, 
New  York  City;  residence,  Roselle, 
N.  J. 

Fort  Pickens,  Pensacola,  Fla. 

Gen'l  Sup't,  People's  Light  and  Power 
Co..  Newark,  N.  J.;  residence, 
Montclair,  N.  J. 

With  Bell  Telephone  Co.,  406  Market 
St.,  Philadelphia,  Pa. 

Assistant  Engineer.  British  Columbia 
Electric  Railway  Co.,  Ltd.,  Victoria, 
B.  C. 

Electrical  Engineer,  328  Montgomery 
St.,  San  Francisco,  Cal. 

Squier,  Georc;e  O.,  Ph.D.     ist    Lieut.,    3d  Artillery,     Chief 

Siijnal    Office,      War    Department, 
Washington,  D.  C. 

(20) 


Speed,  Buckner 
Spe.ncer,  Paul 

Spencer,  Theodore 
Sperling,  R.  II. 

Sprout,  Sidney  S. 


Date  of  Election. 
Sept.  19,  1894 

Mar.    20,  1895 

May  21,    1 891 
Jan.    25,  1899 

June     8,  1887 

Sept.  25,  1895 
Sept.  19,  1894 

Oct.    17,  1894 
Sept    19,  1894 

Nov.   24.  1 891 

Mar.    21,  1894 
April  15,  1884 

May    19,  1 891 


April  19,  1892 
Apr.    23,  1895 

Nov.  30.  1897 
Mar.    21,  1893 

Nov.  23,  1898 
Jan.     17,  1894 

May    19,  1 891 
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ASSOCIATE  MEMBERS 


Name. 

Stadelman,  Wm.  a. 

Stahl,  Th. 

Stakes,  D.  Franklin 

Stanton,  Chas.  H. 

Stevens,  J.  Franklin 


Dato  of  Electioo. 

Feb.     7,  1890 
Nov.   15,  1892 


Address. 

Agent,  Elwell- Parker  Co.,  26  Cortlandt 
St..  New  York  City. 

Ingenieur  des  Usines  du  Creusot,  34 
Avenue  Thiers,  Grenoble.  France. 

Electrical  Expert  and  Salesman*  The 
Fort  Wayne  Electric  Corporation, 
loi  The  Bourse,  Philadelphia,  Pa.       Jan.     20,  1897 

With  C.  H.  &  H.  Stanton  Electrical 
Contractors,  1517  Walnut  St.:  resi- 
dence, 134  S.  3d  St.,  Philadelphia, Pa. 

Manager,  Keystone  Electrical  Instru- 
ment Co.,  Qth  St.  and  Montgomery 
Ave.;  residence,  1610  Spruce  St., 
Philadelphia.  Pa. 


Mar.  20,   1895 


Stewart,  Robert  Stuart    Westinghouse  Electric  and   Mfg., 

Co.,    440    Jefferson  Ave.,    Detroit, 
Michigan. 


District  Inspector,  New  York  Tele- 
phone Co.,  30  Gold  St.,  New  York 
City. 

Professor  of  Engineering,  Swart hmore 
College,  Swarthmore,  Pa. 

Patent  Attorney,  120  Broadway  ; 
residence,  2514  nth  Ave.,  near 
187th  St.,  New  York  City. 

With  Firm  of  Stone  &  Webster,  4 
P.  O.  Sq.,  Boston,  Mass. 

Electrical  Engineer,  Bailey.  Walker, 
&  Co.,  Buenos  Aires,  A.  R. 

Electrical  Engineer,  Westinghouse 
Electric  and  Mfg.  Co.,  residence. 
Amber  Club,  Pittsburg,  Pa. 

Professor  ofj  Electrical   Engineering, 
.    University  of  Vt.,  Burlington,  Vt. 

Assistant  Electrical  Engineer,  C.  &.  C. 
Electric  Co.,  Garwo<xi,  N.  J.;  Box 
516  Westfield.  N.  J. 

Electrical  Engineer,  residence,  12 13 
Linden  Avenue,  Baltimore,  Md. 

Consulting  Electrical  Engineer  and 
Electrical  Expert,  54  Maiden  Lane 
and  29  Liberty  St;  residence,  201 
W.  12 1st  St..  New  York 

Strong,  Frederick  G.     Box,  959,  Hartford,  Conn. 

Sturtevant,  Charles  L.  Patent    Attorney,   Atlantic    Building, 

Washington.  D.  C. 


Stewart,  W.  M. 

Stine,  Wilbur  M. 
Stockbridge,  Geo.  H. 

Stone,  Charles  A. 
Stone,  Joseph  P. 
Storer,  Norman  W. 

Storrs,  Prof.  H.  A. 
Stratton,  Alex. 

Straus,  Theodore  E. 
Strauss,  Herman  A. 


Sullivan,  Edward 
Summers,  Lkland  L. 
SwANN,  John  Joseph 

(21) 


Electrical  Inspector,  Municipal  Build- 
ing, Brooklyn,  N.  V. 

Electrical  Engineer,  441  The  Rookery, 
Chicago,  ill. 

Assstant  Editor,  En^neering  News^ 
220  Broadway  ;  residence,  12  East 
47th  Street,  New  Y'ork. 


Sept.  19,  1894 

Dec.  20,  X896 

Mar.  25,  1896 

May  15,  1894 

May  24,  1887 

May  19,  1 89 1 

Dec.  i8,  1895 

Dec.  18,  1895 

Mar.  2X,  1893 

Mar.  20,  1895 

Nov.  18,  1896 


Oct.  17,  1894 

Oct.  27,  1891 

Dec.  20,  1893 

Feb.  26,  1896 

Feb.  16,  189a 

Jan.  86,  1898 


ASaaOIATB  MEMBERS 


807 


Sweet,  Henry  N. 

SwooPE,  C.  Walton 

Sykes,  Henry  H. 
Tachihara,  Jin 
Tait,  Frank  M. 
Tapley,  Walter  H. 

Taylor,  IrvinoA. 


Name.  Address.  Date  of  Election. 

SvENTORZETZKY,  Capt.  Loudomir  Military  Engineering  Acad- 
emy, St.  Petersburg,  Russia.  Sept.  20,  1893 

SwENSON,  Bernard  Victor    Assistant   Professor  of  Electrical 

Engineering,  University  of  Wiscon- 
sin, 606  Francis  St.,   Madison,  Wis.     Feb.    27,  1895 

Chief  of  Patent  Bureau,  Thomson 
Electric  Welding  Co.,  4  Spruce  St  , 
Boston,  Mass.  May    20,  1890 

Instructor,  Electrical  Engineering, 
Spring  Garden  Institute  ;  residence, 
12  North  38th  St.,  Philadelphia.  Pa.     Jan.    26,  1898 

Chief  Engineer,  Bell  Telephone  Co.,  of 

Mo.,  Telephone  BIdg.,  St.  Louis, Mo.    Oct.     18,1893 

Electrical  Engineer,  Mining  Dep't, 
Mitsu  Bishi  Co.,  Tokyo,  Japan. 

Superintendent,  The  Somerset  Lighting 
Co.,  Somerville.  N.  J. 

Electrician  in  Government  Printing 
Office,  care  of  Public  Printer,  Wash- 
ington, D.  C. 

Lachine  Rapids  Heating  and  Lighting 
Co.,  McCord  and  Seminary  Sts., 
Montreal,  P.  Q. 

Temple,  William  Chase  Mechanical  and  Electrical   Engineer, 

Bank  of  Commerce  BIdg.,  Pittsburg, 
Pa. 

Tesla,  Nikola  Electrical  Engineer  and  Inventor,  46 

K.  Houston  St.,  The  Gerlach,  53 
W.  27th  St.,  New  York  City. 

Thayer,  George  LANCSTAFF,iV.  /f..     Manager,     Belle     Plaine 

Electric  Light  Co  ,  Belle  Plaine,  la.     Aug.     5,  1896 

Thomas,  Robert  McKean,  E,  E,     Member    of    the    firm    of 

Thomas  &  Betts,  141  Broadway; 
residence,  135  Madison  Ave.,  New 
York  City. 

Thompson,  Alfred  J.        Manager,  Electrical  Dep't.  Krajewski- 

Pesant  Company,  O'Reilly  15, 
Havana,  Cuba. 

Thompson,  John  West      Supt,  Cia    de    Luz'y  Fuerza    Motriz 

Electrica,  Guadalajara,  Mexico. 

Thompson,  Silvanus  P.    Morland,  Chislett  Road,  West  Hamp- 

stead,  London,  N.  W.,  England. 

Thompson,  Tho.s.  Perrin  Electrical     Laboratorian,      Brooklyn 

Navy  Yard  ; residence,  217  Cumber- 
l:4nd  St.,  Biooklyn,  N.  Y. 

Thordarson,  Chester  H.       Manufacturing    Electrican,     327 

Dearborn  St.;  residence,  6415  Lex- 
ington Ave.,  Chicago,  111. 

General  Superintendent,  New  York 
Telephone  Co.,  18  Cortlandt  Street, 
New  York  City;  residence,  49  Sidney 

Place,  Brooklyn,  N.  Y. 
Electrical    Engineer,    Helios    Electric 
Co.,  3214  Arlington  Avenue.,  Phila- 
delphia, Pa. 

ToLMAN,  Clarence  M,      Electrical    Engineer,    with    Edw.    (i. 

Stoiber,  Silverton,  Colo. 


Jan.  26.  1898 

Sept.  19,  1894 

Oct.  25,  1892 

May  17,   1898 

May  3,  1887 

June  5,  1888 


Thurber,  Howard  F. 


April  22,  1896 

Jan.  25,  1899 
Sept.  28,  1898 
Oct.    27,  1897 

Jan.  25,  1899 
Dec.    18,  1895 


TOERRINC,  C,  Jr. 


Mar.    25,  1896 

April  18,  1894 
April  27,  1898 


(21) 
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Name  Address.  Date  of  Election. 

TORCHio,  PhilifI'O  Engineerinjf  Dep't,  The  Edison  Elec. 

Illuniinatin};:  Co.,  53  Duane  Street, 
New  York  City.  June    27,  1895 

Tower,  George  A.  Electrical    Enjjineer.    The   Sherwood 

Land  Co.,  and  The  Jefferson  Hotel 
Co.,  704  E.  MainSt.,  Richmond,  Va.     May    15.  1894 

TowNSKND,  He.nry  C.       Attorney    and    Expert    in    Electrical 

Cases,  141  Broad .\  ay.  New  York 
City.  July     10,  1888 

TowNSEND,  Samuel  G.  F.  Assistant    in  Electrical    Enjrineering, 

(.Columbia  University  ;  residence,  131 
Fifth  Ave.,  New  York  City.  Jan.     20,  1897 

Treadwell,  Augustus,  Jr.     E.     £.,    Ass't.  Business    M'g'r. 

New  York  Office,  Electric  Storaee 
Battery  Co.,  20  Broad  St  ,  New 
York  City;  residence,  488  3d  St., 
Brooklyn,  N.  Y.  Feb.    21,  1894. 

Tripier,  Henri  Counsel  and   Technical   Engineer,  of 

the  Compagnie  des  Transports  Elec- 
triques  de  I'Kxposition.  Paris, 
France;  residence,  16  rue  Ganneron, 
Paris,  France.  Sept.  28,   1S98 

Trott,  a.  H.  Hardy        Beer,    near    Axminster,    Devonshire, 

[Life  Member.]  Eng.  Jan.     20,  189I 

Truesdell,  Arthur  E.     Assistant  to  General   Superintendent. 

Peoples  Light  and  Power  Co  ,  443 
4th  Ave.  Newark,  N.  J.  Feb.    15,  1899 

Turnbull,  Wallace  Rupert.  Foreman  of  Experimental  Room, 

(jeneral  Electric  Lamp  Works  ; 
residence,  29  S.  Arlington  Ave., 
Fast  Orange.  N.  J.  May    17,   1898 

TvNG,  Francis  E.  Manager,  Eastern   Engineering  Co., 

New  York;  residence.  Cranford, N.J.     Dec.  28,  1898 

Vail.  Theo.  N.  26  Cortlandt  St..  New  York  City.  April  15,  1884 

Van  Buren,  Gurdon  C.    Electrician  and  Electrical  Contractor, 

g  &  II  Green  St.,  Albany,  N.  Y.  Oct.     25,  189a 

Vandegrift,  James  A.       Sawyer-Man    Electric   Company,  125 

Robinson  St.,  Allegheny,  Pa.  Nov.   24,  1 891 

Van  Deventer,  Christopher     626  Lexington  Ave.,  New  York 

City.  Feb.    17,  1897 

Van  Vleck,  Frank  President,  Van   Vleck  Tramway  Co., 

Wells  Fargo  Bldg.,  Los  Angeles, 
Cal.  Nov.   16.  1886 

Van  Vleck,  John  Falconer  Constructing  Engineer,  The  Edi- 
son Electric  and  Illuminating  Co.  of 
New  York;  residence,  Glenridge,  N.  J.     Aug.     5,  1896 

Van  Wyck,  Philip  V.  R.,  Jr.     Plainfield,  N.  J.  April  21.  1891 

Varley,  Thomas  W.  Electrician,  United  Electric  Light  and 

Power  Co.,  210  Elizabeth  St.,  New 
York  City.  Sept.   19,  1894 

Varney,  William  Wesley     City  Commissioner  of   Baltimore, 

office,  City  Hall;  residence  712 
N.    Carey   St..    Baltimore,   Md.  Nov.   21.  1894 

(19) 
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Name. 

Venablk,  Wm.  Mayo 
ViNTEN,  Ernest  Stiles 


VoiT,  1)K.  Ernst 


VosMAER,  Alexander 


Vreeland,  F.  K. 


Wa(;nkr,  Hkrhert  A. 


Walker.  Arthur  F. 


Wallace,  Chas.  F. 


Wallace,  William 
Wardlaw,  Georgb  a. 
Waring,  Richard  S. 

Warner,  Chas.  H. 
Warren,  Aldrrd  K. 

Wason,  Chas.  W. 


Watkrman,  Marcus  B. 


Waters,  Edward  G. 


Wepb,  Henry  Storrs 


Webstkk.  Edwin  S 


Weisb,  Will  M.  T. 


(19) 


Address. 

Headquarters  2cl  U.S.  Vol.  Eogineers, 
Camp  Columbia.  Marianao,  Cuba. 

Draughtsman,  Walker  Co.,  New 
Haven,  Conn.;  residence  89  Pearl 
St.,  New  Haven,  Conn. 

Professor  of  Electricity,  Technical 
University.  Schwanthalerstrasse, 
Munchen,  Germany. 

Electrical,  Mechanical,  Chemical  En- 
gineer. Director  Electrical  Research 
Laboratory,  Zijlweg  49,  Haarlem, 
Holland. 

Ass't  Engineer,  Crocker- Wheeler 
E'ectric  Co  ,  residence,  228  Orange 
Road,  Montclair,  N.  J. 

Gen.  Supt.,  Missouri,  Edison  Elec- 
tric Co.,  and  also  with  Wagner  Elec- 
tric Mfg.  Co.,  415  Locust  St.,  St. 
Louis,  Mo. 

Sup't  and  Electrical  Engineer,  Edison 
Light  Co.,  Grand  Rapids,  Mich. 

Engineer,  Stone  and  Webster,  4  P.  O. 
Square,  Boston,  Mass.;  residence, 
62  Forest  Street,  Roxbury,  Boston, 
Mass. 

Washington,  D.  C. 

[Address  unknown.] 

Standard  Underground  Cable  Co.,  61 
Westinghouse  Bldg.,  Pittsburg,  Pa. 

Consulting  Electrical  Engineer,  Bowl- 
ing Green  Building.  New  York  City. 

Proprietor,  A.  K.  Warren  &  Co.,  451 
Greenwich  St.,  New  York;  residence 
New  Brighton,  N.  Y. 

President  and  Purchasing  Agent, 
Cleveland,  Painesville  and  Eastern 
R.  R.,  Purchasing  Agent  Akron, 
Bedford  and  Cleveland  R.  R.,  616 
Garfield  Bldg.,  Cleveland.  O. 

Electrical  Engineer,  Brewster  Engin- 
eering Co.,  NewYork'City  ;residence, 
177  Leflferts  Place,  Brooklyn,  N.  Y. 

General  Electric  Co.,  44  Broad  St., 
New  York  City. 

Department  Electrical  Engineering, 
Lehigh  University,  South  Bethlehem, 
Pa. 

Firm  of  Stone  &  Webster,  4  P.  O. 
Sq.,  Boston,  Mass. 

Manager.  WeiseBros.,  Library  Build- 
ing, Davenport,  Iowa. 


Date  of  Election. , 
Nov    30,  1897 

April  27,  1898 

Mar.   21,  1894 


Nov.   18.  1896 


Oct.    26,  1898 


Sept.  28,  1898 
Oct.    23,  1895 


Nov.  18,  1896 
April  15,  1884 
Jan.     17,  1894 

April  15,  1884 

Dec.    20,  1893 

Nov.    20,  1895 


May    19,  1891 

Feb.  15,  1899 
Mar.    18,  1890 

Nov.  20,  1895 
April  21,  1891 
Aug.    13.  1897 
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Name.  Addreu. 

Welles,  Francis  R.  Manufacturer,  46  Avenue  de  Breteuil. 

Paris.  France. 

Wells,  Dana  Clr.mmer  Assistant  in  Physics,  Columbia  Uni- 
versity, New  York  ;  residence,  109 
Willow  St..  Brooklyn?  N.  Y. 


West,  Julius  IIe.nrik 
Whitaker,  S.  Edcjar 
White,  Chas.  G. 

White,  J.  G. 

Whiting,  Allen  H. 
Whitmore,  W.  G. 


Engineer,  Handjery  St.,  58  Fricdenau, 
Berlin,  Germany. 

Electrical  Engineer  andCon tractor,  135 
ShurtlefF  St.,  Chelsea,  Mass. 

Public  Schools  Sup't,  and  Instructor 
in  Physics  and  Chemistry,  I«ake 
Linden,  Mich. 

J.  G.  White  &  Co..  Electrical  Engi- 
neers and  Contractors,  29  Broadway, 
New  York  City. 

Electrical  Engineer,  Riker  Electric 
Motor  Co.,  45  York  St.,  Brooklyn, 
N.  Y.;   residence,  Stamford,  Conn. 

Electrical  Engineer,  General  Electric 
Co.,  Edison  Building,  Box  3067, 
New  York  City. 

Whitney,  Henry  M.        81  Milk  St.,  Boston,  Mass. 
[Life  Member.! 

WHirrED,  Thos.  Byrd     Electrical  Tester.  The  General  Electric 

Co.;  residence,  211  State  St.,  Schen- 
ectady, N.  Y. 

WiEDERHOLD,  OscAR         Electrical   Engineer,   48   Cliff   Street, 

New  York  ;  labor.' tory,    329  Orange 

St.,  N.  J. 

WiESE,  Gustav  Adolph    City     Electrician     of     Alameda,    718 

Haight  Ave.,  Alameda,  Cal. 

Electrical  Engineer,  The  Staten  Island 
Midland  Railway  Co.,  Room  102, 
Times  Building,  N.  Y.  City. 

Engineer,  with  the  American  Water- 
works, 1 107  No.  40th  St..  Omaha, 
Neb. 


Wightman,  Merle  J. 


Wiley,  Walter  S. 


Wilkinson,  James 

Wiley,  Wm.  II. 
Williams,  Arthur 


Station  Manager,  Chief  Engineer, 
Consolidated  Electric  Light  Co., 
812  South  19th  St.,  Birmingham  Ala. 

Scientific  Expert,  53  E.  loth  St.,  New 
York  City. 

General  Inspector,  The  Edison  Elec- 
tric Illuminating  Co.,  of  New  York; 
residence,  155  Linden  Boulevard, 
Brooklyn,  N.  Y. 

Williams,  Charles  Jr.     Electrician,  i  Arlington  Street,  East 

Somerville,  Mass. 

Williams,  Geo.  Henry  District  Supt.    The   Edison  &  Swan 

United  Electric  Co.,  Ltd.,  134  Royal 
Avenue  ;  lesidcnce,  Culmore,  Glen- 
burn  Park,  Belfast,  Ireland. 

Williams,  William  Hknry  I'rofessor  of  Mechanical  and  Elec- 
trical Engineering.  Montana  State 
College,  Bozeman,  Mont. 

(JO) 


Date  of  Eleccioa 

Sept.     6,  1887 

April    28,  1897 

Sept.  20,  1893 

Aug.     5,  189 

Sept.  23,  1896 
April     2,  1889 

Nov.   18,  1896 

Mar.    18,  189c 
July    12,  1887 

Mar.    22.  1899 

Aug.    13,  1897 
Sept.   25,  1895 

Xfar.      5,  1889 

April  18,  1894 

Nov.  23,   1898 
Feb.      7,  1888 


June    23,  1897 
April  15,  1884 


Oct.     27,  1897 


Sept.  a8,  1898 


ASSOCIATE  MEMBERS. 


811 


Name. 

Willis,  Edward  J. 
Wilson,  Chester  P. 


Wilson,  Robert  M. 


VViNAND,  Paul  A.  N. 


Address.  Date  of  El«etioD. 

Supt.  Richmond  Traction  Co.,  Rich- 
mond. Va.  Nov.  30,  1897 

Chief  Eng^ineer,  The  Milwaukee  Elec- 
tric Railway  and  Light  Co.,  451 
Broadway,  Milwaukee,  Wis.  Sep.    25,  1895 

Faculty  of  Applied  Science,  McGill 
University  ;  residence,  113  Shuter 
St.,  Montreal,  P.  Q.  Jan.    25,  1899 

En^neer  and  Supt.,  Schleicher, 
Schumm  &  Co.,  3200  Arch  St., 
Philadelphia,  Pa.  June   20,  1894 


Winchester,  Samuel  B.    9  Laurel  St.,  Holyoke,  Mass. 


May    15.  1894 


Winfielp,  James  H. 


WiNSLOW,  L  E. 


Wi.>/tringham,  J.  P. 


Wirt,  Herbert  C. 


Sup't  Eastern   Division,    Nova  Scotia 
Telephone,     Ltd.,    New    Glasgow,    . 
N.  S.  May    17,   1898 

The  General  Traction  Company.  Ltd., 
35  Parliament  Street,  Westminster, 
London,  Eng.  Nov.   12,  1889 

Theorist,  36  Pine  St.,  Cable  address. 
••Atlantic  Scrip,"  New  York  City, 
and  153  Henry  St.,  Brooklyn.  N.Y.     May      7,  1889 


Engineer,  Supply  Department,  General 
Electric  Co.,  Schenectady,  N.  Y.         June  26,  I891 

Wise,  John  Shreevk,  Jr.,    Electrician  The  Pa.  Mfg.  Light  and 

Power    Co.:    residence,    2023    Mt. 
Vernon  St.,  Philadelphia,  Pa.  Feb.  15,  1899- 

Associate  Editor,  Railroad  Gazette^  32 

Park  Place,  New  York  City.  Dec.  28,  1898 

General  Manager,  Los  Angeles  Rail- 
way Co.,  Los  Angelts,  Cal.  May    17,   1898 

Editor     American      Electrician^      120 

Liberty  St.,  New  York  City.  Oct.    26,  1898 

Electrical  Engineer.  Narragansett 
Electric  Lighting  Co.;  residence,  21 
Arlington  Ave.,  Providence,  R.  I. 

Office  of  the  Engineering  Commission. 
District  Building;  residence,  1424  S 
St.,    N.  W.,  Washington,  D.C. 

Electrician  and  Inventor,  The  Electro- 
zone  Co  ,  415  Lexington  Ave.,  New 
York  City. 

Departamento  de  Construction,  F.  C. 
D.,  12  Santa  Clara,  Mexico  City. 


Wood,  Arthur  J. 
Wood,  Fred.  W. 

woodbridge,  j.  e. 

Woodward,  W.  C. 

WooDWORTH,  Geo.  K 

Woolf.  Albert  E. 


Nov.   18,  1896 


Feb.    17,  1897 


Worswick,  a.  E. 
WoTTON,  James  A. 


Sept.  16,  1890 
Sept.  20,  1893 


Electrician,  Southern  Bell  Telephone 
and  Telegraph  Co.,  P.  O.  Box.  218, 
Atlanta,  Ga. 


Oct.    27,  1897 


Wray,  J.  Glen 


Wybro,  Harrison  C. 


Sept    20,  1893 


(ao) 


Assistant  Engineer,  Chicago  Tele- 
phone Co.,  1 65 1  Fletcher  Ave., 
Chicago,  111. 

Electrical  Engineer,  Wybro- Hcndy 
Co..  38  Fremont  St.,  San  Francisco, 
Cal.  Dec.    i8,  1895 
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Name. 

Yaknall,  Vernon  H. 


Young,  Charles  I. 

YsLAs,  Carlos 
Zahm,  a.  Wilford 


Address.  Dme  of  Electioo. 

Superintendent  of  Construction,  Met- 
ropolitan Electric  Construction  Co., 
20  Broad  St.,  New  York  City.  May    16,  1893 

Electrical  Engineer,  Westinghouse 
Elec.  &  Mfg.  Co..  Land  Title  BIdg., 
Philadelphia,  Pa.  June    27,  1895 

Electrician  of  Railway  in  Jalapa,  Vera 

Cruz,  Mexico.  Nov.    18,  1896 


Zalinski,  Edmund  L. 


Electrical  Engineer  and  Supt.,  Man- 
hattan Light.  Heat  and  Power  Co., 
Manhattan  Building,  St.  Paul,  Minn.     Nov.  23,  1898 

Captain  of  Artillery,  U.  S.  A., 
(retired).  The  Century,  7  West  43d 
St..  New  York  City.  May    17.  1887 

Zimmerman.  Laurence  J.  Electrical    Engineer    and     Inventor, 

232  Schenck  Street,  Brooklyn,  N.  Y.     Mar.   21,  1893 

(6) 


Associate  Members, 


768. 


OFFICIAL  STENOGRAPHER 


Ryan.  Richard  W.,  Room  178,  Post  Office  Building,  Telephone,  2787  Cort- 
landt.    Residence,  125  W.  80th  St.,  New  York  City. 


SUMMARY. 

Honorary  Members, 2 

Members,    - 363 

Associate  Members, 768 

Total        •        -                 -  1 133 


ri 


NON-0«iCulATING 


